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Forwarded  herewith  la  bulletin  No.  71  of  the  International  Ice  Patrol 
describing  the  Patrol's  services.  Ice  observations  and  conditions  during 
the  1985  season. 
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Introduction 


This  is  the  71  ^  annual 
report  of  the  Intemationai  Ice 
Patrol  Service  in  the  North 
Atlantic,  it  contains  information 
on  ice  conditions  and  Ice  Patrol 
operations  for  1985.  The  U.S. 
Coast  Guard  conducts  the 
Intemationai  Ice  Patrol  Service  in 
the  North  Atlantic  under  the 
provisions  of  Title  46,  U.S.  Code, 
Sections  738, 738a  through 
738d;  and  the  Intemationai 
Convention  forthe  Safety  of  Ue 
at  Sea  (SOLAS),  1974 
regulations  5-8.  This  service  was 
initiated  shortly  after  the  sinking 
of  the  RMS  TITANIC  on  April  15, 
1912. 


Commander,  International 
loe  Patrol  under  Commander, 
Coast  Guard  Atlantic  Area, 
directed  the  Intemationai  Ice 
Patrol  from  off  ices  located  at 
Groton,  Connecticut.  The  unit 
analyzes  ice  and  environmental 
data,  prepares  the  daily  loe 
bulletins  and  facsimile  charts,  and 
reples  to  any  requests  for  special 
ice  Mormation.  Naisooortrols 
the  aerial  Ice  Reconnaisanoe 
Detachment  and  any  surface 
patrol  cutters  when  assigned, 
both  of  which  patrol  the 
southeastern,  southern,  and 
southwestern  Hmks  of  the  Grand 
Banks  of  Newfoundland  for 
icebergs.  The  Intemationai  loe 
Patrol  makes  twIoeKtaly  radto 
broadcasts  to  warn  marineia  of 
the  Imks  of  iceberg  dtatribution. 

Duringthe  1986  season, 
imemationai  loe  Patrol 
reoonnaleeanoe  was  oonduded 
by  U.S.  Coast  Guard  HC-130 
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aircraft  equipped  with  Side- 
Looking  Airtome  Radar  (SLAR) , 
operating  from  Gander. 
NewfoundlarKf.  No  U.  &  Coast 
Guard  cutters  were  depbyed  as 
surface  patrol  vessels  this  year. 
There  were  1,063  icebergs 
estimated  south  of  48°N  this  year, 
the  traditional  measure  of  the 
severity  of  an  IIP  season. 

Vice  Admiral  PA  Yostwas 
Commander.  Atlantic  Area  from 
thestartof  the  1985  season,  14 
March  untH  its  end  on  29  August 
1985.  Commander  Norman  C. 
EcMrards,  Jr..  U.S.  Coast  Guard, 
wasComma^r,  Intemationai 
Ice  Patrol  during  the  ice  Patrol 
season. 


Summary  of 
Operations,  1985 


From  14  March  to  29  August 
1985,  the  International  Ice  Patrol 
(IIP),  a  unit  of  the  U.S.  Coast 
Guard,  conducted  the 
International  Ice  Patrol  Sendee, 
which  has  been  provided 
^inually  since  the  sinking  of  the 
RMSTITANICon  April  15. 1912. 
During  past  years.  Coast  Guard 
ships  and/or  aircraft  have 
patrolied  the  shipping  lanes  off 
Newfoundand  within  the  area 
delineated  by  40PN  -  52<H^.  39PW - 
57^,  detecting  icebergs  and 
warning  mariners  of  these 
hazards.  Duringthe  1985  Ice 
Patrol  season.  Coast  Guard  HC- 
130  aircraft  flew  72  ice 
reoonnaissanoe  sorties,  logging 
over  507 figN  hours.  The 
AN/APS'135  Side4ux)king 
Airborne  Radar  (SLAR),  which 
was  introduced  hUo  Ice  Patrol 
duty  duringthe  1983  season, 
againprovedtobeanexcelental- 
weather  tool  for  the  detection  of 
both  foebergs  and  sea  ioe  as 
demonstrated  during  the 
BergSearch  *84  experimenl 
(Ro6siter.efa/.,1984).  On  IIP 
reoonnaissanoe  flights  alone .  the 
SLAR  provided  53  percent  of  the 
1985 sightings. 

AdepioymentwasmadefrDm20- 
25  February  fo  determine  the  pre- 
season  iceberg  dstribution. 

Based  on  this  trip,  tegular 
dsploymenis  started  on  12  March 
wttt  the  1965 season  oper*tg  on 
14March.  From  that  date  unti  29 
August  1965,  an  aerial  iceberg 
Reconnaiseanoe  Detachment 
(ICERECDET)  operated  from 
Gander.  Newfoundtand  one  week 
out  of  every  two.  The  season 


offleiaBy  dosed  on  29  August 
1985. 

Duringthe  1985  season,  an 
estimated  1 ,063  icebergs  drifted 
south  of  48*1^  latitude.  Tablet 
shows  monthly  estimates  of  the 
number  of  icebergs  that  crossed 
48*^^. 

No  U.  S.  Coast  Guard  cutters 
were  deployed  fo  act  as  surf  ace 
patrol  vessels  this  year.  The 
USCGC  EVERGREEN  and 
USCGC  NORTHWIND  were 
deployed  fooondud 
oceanographic  research  for  the 
Ice  Patrol  during  the  periods  1 0 
AprI  •  1 0  May  and  1-9  August. 
On  beard  EVERGREEN,  the  IIP 
iceberg  drift  and  deterioration 
modelB  were  evaluated  (See 
Appendices  C  and  D), 


hydrographic  equipment  was 
evaluated,  and  a  joint  IIP/USCG 
Research  and  Development 
Center  study  of  surface  craft  and 
iceberg  targ^  detection 
performance  by  the  AN/APS-135 
SLAR  was  conducted  (Robe,  et 
ai,  1985).  The  NORTHWIND 
hydrogr^ic  cruise  was 
canceled  because  of  main  diesel 
engine  problems  on  board 
NORTHWIND. 

Other  research  conducted  at  IIP 
during  1985  included  an  analysis 
of  ed^  formation  in  the  vicinity  of 
the  Grand  Banks  (Appendix  E), 
an  evaluation  of  iceberg/ship 
SLAR  target  discriminatbn 
(Appendix  B),  and  a  comparison 
of  ocean  fronts  delected  on 
Nalionai  Weather  Service  sateMte 
imagery  and  IIP  SLAR  imagery 
(Appendix  F). 


Table  1.  Icebeige  South  of  48°North 


Avg 

1900-85 

Total 

1900-85 

Avg 

1948-85 

Total 

1946-85 

1985 

OCT 

112 

0 

5 

NOV 

1 

121 

0 

15 

11 

DEC 

100 

1 

20 

7 

JAN 

2 

196 

2 

76 

2 

i^lESD 

ti 

945 

12 

494 

57 

MAR 

42 

3628 

38 

1526 

129 

APR 

m 

9476 

116 

4631 

208 

MAY 

131 

11230 

104 

4147 

205 

JUN 

70 

6025 

63 

2507 

247 

JUL 

26 

2219 

26 

1023 

123 

AUS 

7 

62$ 

6 

236 

39 

SEP 

Armt^ 

3 

297 

1 

51 

32 

Total 

405 

34974 

368 

14631 

1063 

As  explained  in  the  1984  Ice 
Patrol  Bulletin  (Thayer,  1984),  the 
methodology  and  technology  of 
iceberg  reconnatesance  arid  data 
analysis  have  changed 
significantly  over  the  past  40 
years.  A  change  is  evident  in  the 
source  distribution  of  iceberg 
sightings  in  that  SLAB  accounted 
for78%of  the  USCG  iceberg 
sightings  in  1984  (49%  of 
sightings  from  all  sources)  but 
only  accounted  for  53%  of  USCG 
sightings  in  1985  (13%  of  all 
sightings)  (Table  2).  (An 
increased  emphasis  on  icebergs 
by  Canadian  Atmospheric  and 
Environmental  Service  flights  and 
an  increased  contribution  by  the 
commercial  shipping  oomrrunlty 
account  for  other  changes  in  the 
overal  figures.)  With  icebergs 
more  witely  dispersed  than 
normal  during  much  of  the  1985 
IIP  season.  It  was  frequently 
necessary  to  search  the  eastern 
part  (ri  the  IIP  area.  Toconserve 
fuel  durbig  these  long  searches, 
high  aMlu^  legs  were  flown  to 
arid  from  the  search  areas. 
Although  SLAB  was  not  operated 
during  these  high  altitude  legs, 
icebergs  could  still  be  sighted  in 


large  numbers  during  good 
weather.  These  high-altitude 
flights  were  much  more  frequent 
during  1985  than  1984.  The 
large  number  of  USCG  visual 
sightings  on  these  flights, 
together  with  the  changes  in 
reconnaissance  procedures 
described  below,  greatly 
decreased  the  percentage  of 
USCG  iceberg  ^ghtings  that  were 
SLAB-only  during  1985. 

Further  evaluation  of  SLAB'S 
capability  confirms  fls  usefulness 
in  detecting  icebergs  (Bobe,  et 
af..  1985)  and  the  necessity  for 
spedflc  SLAB  iceberg 
reconnaissance  procures  to 
assist  with  icebergfohip  target 
dtacrimination  (Appendbt  B). 
Specific  changes  in  SLAB 
reconnaissance  procedures  were 
made  to  maximize  visual 
confirmation  of  SLAB  targets  and 
aid  target  identlicatfon  during 
1986.  These  changes  consisted 
of  selecling  daly  search  areas  for 
optimal  vMfflty,  subfocting  SLAB 
fijms  to  more  p^-fH^  arutiysis 
and  making  more  use  of 
supporting  data  from  other 
sources. 


Table  3  —  Aircraft 
Deployments  from  10/1/84 
to  9/30/85 


lee  Reeormalcanoe 

No.  of 

Detachment 

Hours 

Deploymanta 

Flown 

Pre-sa^n 

29.6 

In-season 

631.0 

Post-season 

11.3 

Total 

671.9 

Note:  ln-eeasonlCEF£CDET flights 
include  trarwl  and  logistics  flights  to 
and  from  Gander  during  the  loe  Patrol 
season.  A  significantly  large  number 
of  logistic  flights.  14  sorties  and  86.1 
hours  were  oofKiuctsd.  There  were 

72  sorties  dedicated  solely  to  ice 
reoonnaisanoa  wMi  a  total  of  507.8 

flight  hours.  They  are  summarized  as 

foNows: 

Number  of 

Flight 

Month 

Oortlee 

Hours 

FEB 

4 

23.6 

MAR 

5 

38.7 

APR 

12 

85.8 

MAY 

15 

107.5 

JUN 

13 

87.3 

JUL 

11 

83.9 

AUG 

11 

75.7 

SEP 

1 

5.3 

TOTAL 

72 

507.8 

Table  2  —  Sources  of  HP  Iceberg  Reports  by  Size 


womno  ooww  urawiir 

8awl 

Med. 

Laro* 

TeW 

%of 

Total 

Coast  Guard  SLAR 

65 

104 

182 

113 

10 

564 

13.3 

Coast  Guard  Visual 

60 

155 

177 

107 

0 

400 

11.6 

Canadian  SLAR 

17 

56 

115 

21 

220 

438 

10.3 

Canadian  Visual 

19 

230 

187 

66 

4 

514 

12.1 

Commercial  Radar 

7 

30 

114 

33 

124 

306 

7.3 

Commercial  Visual 

122 

300 

806 

279 

15 

1524 

36.0 

Mobil  OI  Canada,  LTD 

12 

61 

06 

18 

18 

227 

5.4 

Lighthouee/Shore 

0 

2 

13 

0 

0 

24 

0.6 

Ottier 

4 

52 

47 

28 

5 

136 

3.2 

Total 

306 

1100 

1741 

673 

406 

4234 

100 

Iceberg  Reconnaissance 
and  Communications 


During  the  1985  Ice  Patrol 
year  (from  1 0ctober  1984 
through  30  September  1 985),  98 
aircraft  sorties  were  flown  in 
support  of  the  International  Ice 
Patrol.  These  included  pre¬ 
season  flights,  ice  obsenration 
and  logistics  flights  during  the 
season,  and  post-season  flights. 
Pre-season  f  lighte  determinl^ 
iceberg  concentrations  north  of 
48^,  necessary  to  estimate  the 
time  when  icebergs  would 
threaten  the  North  Atlantic 
shipping  lanes  in  the  vicinity  of 
the  Grand  Banks  of 
Newfoundland.  During  the  active 
season,  ice  obsenration  flights 
located  the  southwestern, 
southern,  and  southeastern  limis 
of  icebergs.  Lx)gistiC8  flights  were 
necessary  due  to  aircraft 
maintenanoe  problems.  Post¬ 
season  fights  were  made  to 
retrieve  parts  and  equipment  from 
Gander  and  to  dose  out  all 
business  transactions  from  the 
season. 

U.S.  Coast  Guard  aircraft, 
deployed  from  Coast  Guard  Air 
Station  Etzabeth  Ctty.  North 
Carolina,  conducted  all  the  aircraft 
missions.  SLAR-equippedHC- 


130  aircraft  were  utWzed 
exclusively  for  aerid  ice 
reconnaissance,  and  HC-130 
and  HU-25A  aircraft  were  used  on 
locates  flights.  Table  3  (left) 
shows  aircraft  utlization  during 
the  1985  season. 

During  the  1984  season, 
only  5%  of  the  deployed 
were  spent  on  the  ground  in 
Gander.  In  1985,  this  figure 
cimbedto  14%.  After  an  aircraft 
mishap  in  Groton 
kiMarch,  IIP  relied  on  a  single 
SLAR-equfpped  HC-130  for 
much  of  the  1985  season.  The 
increased  use  of  this  one  aircraft 
and  Is  SLAB  resulted  in  an 
increased  number  of 
maintenance  problems. 

U.S.  Coast  Guard 
Communications  Station  Boston, 
Massachusetts,  NMF/NIK,  was 
the  primary  raeflo  station  u^  for 
the  disserninatfon  of  the  daily  ice 
buletins  and  facsimie  charts  after 
preparation  by  the  Ice  Patrol 
offira  in  Groton.  Other 
transmiting  stations  for  the 
OOOOZ  and  1200Z  ice  buletins 
included  Canadian  Coast  Guard 
Radk)  Station  St.  JohnWON, 


Table  4.  Iceberg  and  SST  Reports 

Number  of  SST  reports  reoehred 

505 

497 

Number  of  ice  reports  received 

673 

FIsflosSyMfel 

14000QZMARSI 

LieliceBulelin 

291200ZAUG85 

169 

Canadian  Forces  Radio  Station 
Mill  Cove/CFH,  and  U.S.  Navy 
LCMP  Broadcast  Stations 
Norfolk/NAM ;  Thurso,  Scotland; 
and  Keflavik.  Iceland. 

Canadian  Forces  Station 
Mill  Cove/CFH  as  well  as  AM 
Radio  Station  Bracknell/GFE, 
United  Kingdom  are 
radiofacsimile  broadcasting 
stations  which  used  Ice  Patrol 
limits  in  their  broadcasts. 
Canarian  Coast  Guard  Radio 
Station  St.  John's/  VON  provided 
special  broadcasts. 

The  International  Ice  Patrol 
requested  that  al  ships  transitting 
the  area  of  the  Grand  Banks 
report  ice  sightings,  weather,  and 
sea  surface  temperatures  via  U.S. 
Coast  Guard  Communications 
Station  Boston,  NMF/NIK. 
Response  to  this  request  is 
shown  in  Table  4,  arid  Appendix 
A  lets  al  contributors. 
Commander,  international  Ice 
Patrol  extends  a  sincere  thank 
you  to  al  statiorw  and  ships  which 
contributed. 


Environmental  Conditions 
1985  Season 


Weather  in  Labrador  and 
East  Newfoundland  during  the 
1985  International  Ice  Patrol 
season  tended  to  be  colder  and 
dryer  than  normal  during  the 
winter  and  warmer  and  wetter 
than  normal  during  the  summer 
(Tables).  The  weather  stations 
listed  in  Table  5  were  selected  to 
give  a  cross-section  of  weather 
conditions  throughout  the 
province.  The  colder  than  normal 
months  of  December  1984 
through  March  1985  caused  an 
early  accumulation  of  sea  ice 
which  expanded  south  of  43°N 
and  persisted  longer  than  normal. 
This  sea  ice  forced  oil  drilling  rigs 
off  the  Grand  Banks  and 
protected  the  icebergs  moving 
into  the  region. 

January:  With  the  Iceland  Low 
southwest  of  Its  normal  petition 
and  deeperthan  normal  (Figure 
1 ),  the  maritimes  experienced  a 
strong  northerly  flow  that  brought 
lower  than  normal  temperatures. 

February:  The  Iceland  Low  was 
deeperthan  normal  (Figure  2), 
causing  northwest  winds  to  b^ 
in  cold  continental  air,  resultkig  in 
below  normal  temper^res  and 
precipitation  in  Newfoundland 
and  Labrador  (Table  5). 

March:  During  March,  the 
Iceland  Low  was  southwest  of  Is 
normal  posWon  (Figure  3), 
bringing  more  continental  air  tfian 
normal  into  the  maritimes  and 
lowering  temperatures  (Ttdale  5). 


April:  Surface  pressure  was 
near  normal  during  April  (Figure 
4).  With  a  westerly  flow  returning 
to  Newfoundand,  temperatures 
and  precipitation  were  normal 
(Table  5). 

May:  The  Iceland  Low  was 
farther  west  and  de^>er  than 
nonnal  during  May  (Figure  5), 
bringing  more  marine  air  into  St. 
John's  and  greater  than  nonnai 
precipitation  (Table  5). 

June:  Flow,  normally 
southwesterly  over 
Newfoundlartd,  was  southerly  in 
June  (Figure  6),  bringing  greater 
than  normal  precipHatbn  to 
Gander  (Table  5). 

July:  Direction  of  surface  winds 
was  normal  in  July,  but  the 
stronger  than  normal  pressure 
gradient  (Rgure  7)  caused 
greater  soutfierly  flow,  bringing 
above  nonnal  precipitation. 

August:  August  temperatures 
and  precipitation  were  above 
nonnal  (Table  5).  The  shape  of 
the  isobars  in  F^re  8  were  near 
normal,  but  the  pressure  gradent 
between  a  dseper  Iceland  Low 
and  the  Bemwda  High  caused 
increased  southwest  flow 
bringing  in  more  warm,  moist  air 
than  normal  (Table  5). 

September  With  the  Iceland 
Low  deeper  than  normal  (Figure 
9),  a  westerly  flow  dominated, 
bringing  warmer,drier  air  over  the 
maritimes  resulting  in  above 
nonnal  temperatures  (Table  5). 
Ice  Condtions,  19^  Season 
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Table  5.  Environmental  Conditione  for  1985  International  Ice  Patrol  Season 


%of 

Normal 

Precipitation 

118.2% 

50.5% 

56.7% 

55.5% 


%of 

Normal 

Snowfall 

217.9% 

62.8% 

141.0% 

59.1% 


Monthly 

Mean 


Diff.  Total 

from  Norm.  Precipitation  (mm) 

1.6  74.2 

0.6  38.7 

2.2  59.4 

1.9  80.7 


Station 


Nain 
Goose 
Gander 
St.  John's 


Nain 
Goose 
Gander 
St.  John's 


Nain 
Goose 
Gander 
$1.  John's 


Nain 
Goose 
Gander 
St.  John's 


N(dn  >16Jt 

Goose  -14.5 

Gander  •7.4 

St  John%  -5.9 


248.1% 

41.4% 

91.7% 

68.7% 


253.6% 

101.2% 

112.1% 

125.4% 


Nain  -8.1 

Goose  >3.2 

Gander  -0.6 

St.  ^rfs  -0.1 


Nain  6.9 

Goose  11.0 

Gander  11.$ 

8tJohn%  10.4 


106.0% 

223.9% 

156.2% 

130.9% 


148.5% 

113.1% 

83.0% 


0?  81.6 
75.6 
54.2 

No  snowfall  recorded  during  this  month 


Sea  level  pressure  (mb) 
Monthly  mean 
January  1985 


Figure  2. 


Figure  3. 


Sm  level  pieseure  (mb) 
Monthly  meen 
April  1985 
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Figure  8. 


Figure  11.  13  November  1984 
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Figure  12.  18  December  1984 


Figure  13.  15  January  1985 


Figure  14.  12  February  1985 


Figure  15.  12  March  1985 


Figure  16.  16  April  1985 

70  65  60  55  50  45 


■igure17.  14  May  1985 


Figure  18.  18  June  1985 


Greenland 


SEA  ICE  FREE 


18  JUN  85 


Sea  Ice 


Limit  of  aii 
known  ice 

(concentrations  in  tenths) 


Sea  Ice 
Conditions 
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Figure  19.  16  July  1985 
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sea  ice 
Conditions 


16  JUL  85 


Sea  Ice - 

Limit  of  all 
known  Ice 

(concentrations  in  tenths) 
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57"  sy  55°  54*  53°  52°  5I»  5(  •*  49°  48°  47»  46*  45°  44*43"  42°  41*  40"  39? 
52°[f^^‘j*‘r“^‘l . I““'r . . I '""I . I . I . iim  lunMsg. 


ESTIMATED  LIMIT  OF  SEA  ICE. 


A  NUMBER  IN  A  ONE  DEGREE  RECTANGLE  INDICATES 
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Figure  23.  30  March  1985 
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Figure  24. 15  April  1985 
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Figure  26.  15  May  1985 
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X  RADAR  TARGET/CONTACT  FORECAST  CONDITIONS 
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Figure  28.  15  June  1985 
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Figure  29.  30  June  1985 
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Figure  30.  15  July  1985 
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Figure  31.  30  July  1985 


X  RAD/«  ImHGET/CONTACT  FORECAST  CONDITIONS 
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Figure  32.  15  August  1985 


A  NUMBER  IN  A  ONE  DEGREE  RECTANGLE  INDICATES 
—  THE  NUMBER  OF  ICEBERGS  IN  THAT  RECTANGLE . 
SYMBOLS  INDICATE  ESTIMATED  POSITIONS. 
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Figure  33.  29  August  1985 
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Ice  Conditions 
1985  Season 


October  •  November  1984; 

Ice  formation  was  delayed  in 
October  by  warm  temperatures 
(Figure  10  and  Table  5).  By  mid* 
November,  some  ice  was  forming 
in  the  Foxe  Basin  and  Frobisher 
Bay  (Figure  11).  Freeze-up 
continued  gradually  throu^ 
November  and  by  the  end  of  the 
month,  Ungava  Bay  and  Hudson 
Strait  were  completely  covered  by 
light  ice.  Much  ^Hudson  Bay 
remaned  ice-free.  There  were  14 
icebergs  south  of  during 

October  and  November,  which  is 
unusually  high. 

December  1984:  BymicF 
month,  sea  ice  had  fornied  south 
along  the  Labrador  coast  and 
dosed  the  Strak  of  Belie  Isle 
(Figure  12).  It  held  this  position 
thr^hthe  restof  the  month 
with  some  formatton  beginning  in 
the  Gulf  of  St.  Lawrence.  The 
ooldertemperatures  experienced 
in  Decent^  (Table  5)  and  the 
northerly  flow  over  the  region 
contributed  to  the  advance  of  ice. 
During  December,  7  more 
icebergs  were  sigiried  south  of 
48"N. 

January  1985:  By  January  15. 
the  southern  Hmk  of  sea  ice  had 
reached  the  vidnily  of  Cape 
Freels  (Figure  13).  On  January 
22.  the  sea  ioe  had  reached  Cape 
Bonavista  and  a  tongue  of  ice  was 
being  carrisd  south  in  the 
Labrador  Current  to 
apptO}dmately48°N49*W.  Wkh 
continued  low  temperatures  and 
northsvly  winds,  sea  ice  formed 
rapidly,  expanding  to  the  Grand 


Banks.  This  provided  protedion 
for  icebergs  moving  south  and 
also  retarded  their  drift  so  that 
only  two  icebergs  (fofted  south  of 
48*^  during  January. 

February  1985:  On  12 
February,  a  broad  expanse  of  ice 
was  as  far  south  as  Cape  Race 
and  extended  out  to  47°W  from 
that  point.  Atongueofthree-to 
five-tenths  first  year  ice  was 
estimated  to  extend 
approximately  to  4G°N  47°W 
(Figure  14)  which  terminated  oil 
drilling  operations  on  the  Grand 
BanksforoverSOdays.  Sea  ice 
fomiation  progressed  rapidly 
throughout  the  month  and  by  26 
February  an  expanse  of  nine- to 
ten^enths  first  year  ice  covered 
the  area  from  midway  between 
Cape  St.  Frands  and  Cape  Race 
to  approximately  45°N  46^.  Due 
to  the  number  of  sighUngs  in  early 
February,  an  IIP  pre-season  fHgi’4 
was  made  20-25  Febnjary,  during 
which  64  icebergs  were  sigMed, 
57  of  which  were  south  of  48°N. 

March  1985;  Aionglongueof 
ice  started  forming  in  the 
Labrador  Current  during  early 
March  and  by  12  March  had 
reached  43^  48°W  (Figure  15). 
The  first  regular  season 
ICERECDET.  planned  for  12 
March,  was  delayed  unM  1 7-27 
March  by  an  aircraft  nfohap  in 
Grofonon12March.  Therswere 
1 29  icebergs  estimated  to  have 
drifted  south  of  48*ti  during 
March  and  there  were  168 
icebergs  on  plot  at  IIP  on  29 
March  (Figure  23). 


April  1985:  With  near  normal 
temperatures  (Table  5)  and 
westerty/southwesteriy  flow 
(Figure  4),  the  sea  ice  had 
reMded  somewhat  by  1 6  April 
and  a  small  shore  lead  had 
opened  along  the  northeast 
coast  of  Newfoundland  (Figure 
16).  While  on  an  iceberg 
reconnaissance  flight  on  15  April, 
HC-130  CG-1504  dropped  a 
memorial  wreath  at  poskion 
41»56TI50“14'Wto 
commemorate  the  tragic  sinking 
of  the  RMS  TTfANIC  73  years 
earfer.  During  April,  nonnally  a 
heavy  iceberg  month,  an 
estimated  208  icebergs  drifted 
south  of  48*tl  and  1 76  icebergs 
were  on  plot  on  30  April  (Figure 
25). 

May  1985:  Sea  ice  retreated  in 
May  wkh  a  region  of  three- to  five- 
ten^  coverage  remaining  as  fv 
south  as  Cape  Freels  on  14  May 
(Figure  17).  Wkhthereoedfogice 
edge  releeeing  icebergs  to  open 
water.  May  was  a  heavy  iceberg 
month,  with  206  icebergs 
edimated  to  have  drifted  south  of 
48°N.  This  large  population  of 
icebergs  provided  a  good  supply 
of  experimental  subjects  for  the 
detection ,  drift  and  deterioration 
experiments  (Appencfices  B,  C 
andD).  There  were  272  icebergs 
on  plot  on  30  May  (Figure  27). 

June  1985:  The  retreat  of  sea 
ioe  continued  in  June  (Figure  18). 
^  25  June  only  stripe  and 
patches  remained  south  of  Cape 
BauU.  The  shipping  season  for 
the  Strak  of  Beks  Isle  was 


delayed  opening  2-3  weeks  this 
year  due  to  ice  persisting  longer 
than  normal  in  the  Strait.  June 
was  the  heaviest  iceberg  month 
with  893  icebergs  plotted  by  IIP 
during  the  month  and  247 
icebergs  estimated  south  of 
48°N.  The  largest  number  of 
icebergs  on  plot  during  any  single 
day  in  1 985  was  on  1 4  June 
(Figure  28).  when  there  were  292 
on  plot.  There  were  242  icebergs 
on  plot  on  30  June  (Figure  29). 

July  1985:  On  16  July,  the 
Strait  of  Belle  Isle  was  ice-free  as 
was  much  of  Davis  Strait  (Figure 
19).  The  melt  proceeded  rapidly 
and  by  30  July  sea  ice  only 
extended  as  far  south  as  Cape 
Mugfordonthe  Labrador  Coast. 
July  also  was  a  heavy  iceberg 
month  with  765  icebergs  plotted 
(kiring  the  month.  However,  only 
1 23  icebergs  were  estimated  to 
have  passed  south  of  48*’N  and 
227  icebergs  remained  on  plot  on 
30  July  (Figure  31). 

August  1985:  Wlhvirarmer 
than  normal  temperatures  (Table 
5)  and  favorable  winds,  the  sea 
ice  continued  to  melt  ra^jidly  and 
the  iceberg  population 
decreased dramaticaly.  Onthe6- 
14  August  ICERECDET 
deployment,  only  30  icebergs 
were  detected  south  of  50*tl  and 
the  eastern  Hmls  of  all  known  ice 
shifted  4  degrees  west  (Figure 
32).  On  13  August, 

Ncnvfountftand  and  Labrador 
were  near^  ioe4ree  with  some  ice 
remaining  in  Hudson  Straft  and 
along  the  east  coast  of  Baffin 
Island  (Rgure  20).  August  was  a 
IH)ht  iceb^  montti  wfth  only  32 
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icebergs  south  of  48^N.  Asa 
result  of  the  final  ICERECDET  on 
20-28  August,  the  iin^  of  all 
known  ice  shifted  another4 
degrees  west  arxl  north  and  the 
1985  Ice  Patrol  season  was 
cfosed  on  29  August  with  64 
icebergs  on  plot  at  IIP,  only  three 
of  which  were  south  of  48*tJ 
(Figure  33). 


September  1985:  Labrador 

and  the  Davis  Strait  was  entirely 

sea  ice  free  17Seplember 

(Figure  21 ).  There  were  an  Table  6. 

additional  32  icebergs  sighted  Explanation  of  Sea  Ice 

south  of  48°N  during  September.  Technology  Used  In 

Figuiea  10>21 


Discussion  of  icebergs 
and  Environmentai 
Conditions 


The  number  of  icebergs 
that  pass  south  of  in  the 

International  Ice  Patrol  area  each 
year  is  the  measure  by  which 
International  Ice  Patrol  has  judged 
the  severity  of  each  season  since 
1912  (Table  1).  W*ith1063 
icebergs  south  of  48^N,  1985  is 
the  seventh  highest  year  on 
record. 

Since  the  number  of 
icebergs  calved  each  year  by 
Greenland's  glaciers  is  in  excess 
of  10,000  (Knutson  and  Neill. 
1978),  a  number  of  icebergs  exist 
in  BafTn  Bay  during  any  year. 
Therefore,  arwual  fluchjations  in 
the  generation  of  arctic  icebergs 
is  not  a  significant  factor  in  the 
number  of  icebergs  passing 
south  of  48*tl  annually.  The 
factors  that  determine  the 
number  of  icebergs  passing 
south  of  48tl  each  season  can 
be  divided  into  those  affecting 
iceberg  transport  (currents, 
winds,  and  sea  ice)  and  those 
affeding  iceberg  deterioration 
(wave  action,  sea  surface 
temperature,  and  sea  ice). 

Sea  ice  acts  to  impede  the 
transportof  icebergs  by  winds 
and  currents  and  also  protects 
icebergs  from  wave  action,  the 
major  agent  of  iceberg 
delerioratien.  Atticughitsiows 
current  and  wind  transport  of 
iosbergs,  sea  ice  is  IseW  an  active 
msdhim,  for  I  isccntinualy 
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moving  toward  the  ice  edge 
where  melt  occurs.  Therefore, 
icebergs  In  sea  ice  wll  eventually 
reach  open  water  unless 
grounded.  Themekingofseaice 
itself  is  affected  by  snow  cover 
(which  slows  melting)  and  air  and 
sea  water  temperatures.  As  sea 
ice  melt  accelerates  in  the  spring 
and  early  summer,  trapped 
icebergs  are  rapidly  released  and 
then  become  sitoject  to  normal 
transport  and  deterioration. 

With  sea  ice  extending 
south  over  the  Grand  Banks  later 
than  usual  durkig  the  1985 
season,  icebergs  were  protected 
longerthan  normal,  rrvaking  it 
poMble  for  the  icebergs  to  reach 
farther  south  than  nonnal. 
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Appendix  A 

International  Ice  Patrol  Ice  and  SST  Reports  for  1985 

Country  Ice 

of  Registry  Reports 


Reports 


Pariaim 

Germany 

Ubeita 

Singapore 

Japan 

United  Kingdom 
Unttsd  States  or  Amerfea 
Canada 

Greece 

Liberia 


Atj^rdeen 
Abitibi  Concord 
Adidia  Forest 
Aeneas 
Aiiibjki  Maru 
Albright  Explorer 
Alcona 

Alexander  Henry 

Alexandros  F 

Alfanourious 

AifilM  Needier 

Algonquin 

Altamira 

Altay 

A»s 

Ambassador 

Ambrose  Shea 

Amstatwal 

Anegett  Horizon 

AnkaD 

Annoufs 

Arctic 

ArdieUnk 

Arctle  Viking 

Asfronr 

Atlantic  Conveyer 
AiihlieLink 
Atlantic  Saga 


Korea 

Spain 

Union  of  Soviet  Sodallst  Republics 


United  Kingdom 


Netherlands 

Gieeoe 

Cyprus 


UnSed  Kingdom 


United  Kingdom 


UdUd  Kingdom 


United  Kingdom 


AypstTMesit 


iiiiiPortete 


Balder  Hesnes 

iiiikringm 

BakJ 


United  Kingdom 


Untied  Kingdom 
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Ship's  Name 


Appendix  A  (cont'd.) 

International  Ice  Patrol  Ice  and  SST  Reports  for  1985 

Country  i 

of  Registry  I 


Ice 

Reports 


SST 

Reports 


Buntness 

United  Kingdom 

, 3^. 

Canada  Marquis 

Canada 

1 

Oaniadbm  Explorer 

Canada 

to 

1 

Cape  Roger' 

Canada 

4 

Capeten  CosUs 

CyprtiS' 

9 

Cast  Huskey 

United  Kingdom 

3 

Cast 

Udted  Mhgdom 

5 

Cast  Otter 

United  Kingdom 

5 

Cast  Pofia  Bear 

UbertO': 

4  ' 

6 

Cavallo 

Canada 

1 

Cawndkis 

IndLa 

2 

Chateaugay 

Liberia 

1 

CMgRectoBay 

Canada 

■  '  S  ' 

Chili 

United  Kingdom 

2 

Oty  of  Perth 

UiiitadKingdom^^ 

5. 

C.  Mehmet 

Turkey 

4 

caeppewa 

■  ■  2  yf-:- 

Commandant  Guy 

France 

1 

Concord 

United  States  m  Amadea 

8 

Condata 

Honduras 

1 

Corner  Brook 

Korea 

2 

OaMiDe 

y. ;4'y::''-- 

Daphne 

Netherlands 

1 

DirtiknierieaM 

'S'"  ■  " 

1 

Dart  Atlantica 

United  Kingdom 

1 

OmBdlaln 

United- Kingd0m:^:-:4-^^®'i:;f':;:^x-^ 

yyjjy  ;  -y 

Diana 

Brazil 

1 

OOdtExprew 

NethedMda 

Dora  OMendorff 

Singapoore 

1 

Oonny 

. 

2 

Dr  D.K.  Sarny 

Libaria 

1 

OiySaek 

Spam 

2 

Eastern  Unicom 

Panama 

8 

0 

BaHpum 

■  ■■■■•■ 

ElAaHm 

Liberia 

1 

Eieet 

Rdy 

■-.yy:y-i:y-y:y-.:y--;y 

Elizabeth 

Liberia 

1 

Eaaoliybaiideett 

UnBedtOngdOni 

2yy;-;. 

EuRira 

Nonfvny 

1 

;EllfepO 

Dslipuin 

->:4;;-Xyy  ,  ■  ■ 

U8COC  EVERGREEN 

United  States  of  America 

8 

68 

oraeoe 

. . . 

:  2 

FaMft 

Netherlands  Antilles 

2 

mmim 

fJbaita 

2 

Faith 

Singapore 

1 

‘flMMlAlM 

1 

FOkxxt 

Norway 

5 

rarwaa 

-Ubirte 

2 

Federal  AsaM 

Japan 

4 

wmmmmMt 

4:y:y;y;y;y:::y:;y 
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Ship's  Name 

Appendix  A  (cont'd.) 

International  Ice  Patrol  Ice  and  SST  Reports  for  1985 

Country  Ice 

of  Registry  Reports 

SST 

Reports 

Feikirii 

BeHpm 

Federal  Rhine 

Liberia 

1 

Fikteriat  Sapinay 

.  Lfteria^'  '■ 

■ 

Federal  St.  Laurent 

Liberia 

2 

FiMlerM^T^^ 

BeigMn 

Fermita 

Norway 

3 

Fillatra  Lapcy 

'Greece'- 

5 

Filispoint 

Greece 

1 

FihaArnertea 

.  'Belgium' 

-.2, 

Finn  Fighter 

Finland 

1 

WiinPatf 

".Finhrid-  ■ 

z 

Rnnrose 

Finland 

2 

FinhCkseMte 

FWandH?-:;;:: 

..........g.,  .... 

Fiona  Mary 

Panama 

1 

Finnea 

■  ■  ^  V  .Liberia  .s. ;; 

.::-:.:;::.;'1'2'.'  .  ■ 

Fjord  Bridge 

Panama 

2 

1 

Flora 

Greece 

1 

Fogo  Isle 

Canada 

1 

Fort  Providence 

United  Kirigdom 

1 

i 

Fortune  Ace 

Panama 

1 

1 

FradJ^A^itch 

Canada 

1 

Fnthjof 

Germany 

2 

7 

FujiHediar 

Japan 

1 

t 

Qaitarus  Bay 

Canada 

9 

danoa 

SinoMDflra 

t 

1 

Qermanic 

Federal  Republic  of  Germany 

3 

0:A»:^g|it|C|atMt 

loaland 

1 

QoUenRIo 

Liberia 

1 

10 

. . . 

Unniu  iWQOQln 

1 

Grand  Eagle 

Panama 

9 

Finlandi 

3 

7 

Quif  Grain 

Liberia 

3 

1 

Panama 

1 

Heide 

Germany 

1 

FadaratRspubHcof  Germany 

'"'"I"'  ' 

'  .-1: . . 

Helen  SchuNe 

CypnM 

1 

2 

Uberia 

. . . . 

Hof^ouH 

Iceland 

1 

1 

Uiiilid  SMae  fli  America 

1 

■ 

Huai  Trapper 

Liberia 

1 

Garadt 

S 

3 

Hugo 

Finland 

1 

2 

Imperial  Quebec 

Canada 

2 

MpiiafBLCiMr 

Canaria 

2 

Inma 

Spain 

1 
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Ship's  Name 

Appendix  A  (confd.) 

International  Ice  Patrol  Ice  and  SST  Reports  for  1985 

Country  Ice 

of  Registry  Reports 

SST 

Reports 

IrwMM  Gala)^ 

Panairta 

1 

Iroquois 

Korea 

8 

InringNordc 

Canada 

A 

Irving  Ours  Pollaire 

Canada 

1 

IvanDerBenev 

Union  of  Soviet  SodaBst  Repubics 

2 

iver  Libra 

Liberia 

1 

Jackamn 

Chto 

1 

Jade  Kim 

Panama 

2 

JanWittieim 

Germany 

1  . 

James  Transport 

Canada 

3 

JMdit 

Panama 

1 

Je  Bernier 

Canada 

2 

Jennifer  J*ne 

t^iprui 

2 

Jenny 

United  Kingdom 

1 

J|st 

Yiigoidsiyia 

1 

Joao  Ferreira 

Portugal 

2 

John 

Graeoa 

John  A.  MacDonald 

Canada 

4 

JohnM< 

Federal  Rspublo  of  Oarmany 

Johnson  Chemstream 

Singapore 

1 

Jugongent 

Yuonilarta 

i 

mmmim. 

Juventia 

Panama 

1 

Ksladia 

Inrta 

Kapitan  Chukhchinche 

Union  of  Soviet  Socialist  Repubics 

4 

Keenevige 

UriadKktgdom 

KNko 

Panama 

1 

KIppatgrecHt 

Hetheriande 

Koein  Express 

Germany 

10 

Korea  Paeffio 

Korea 

4 

KyoushiWaru 

Japan 

2 

UhiAnina 

Uberia 

2 

LakeBiwa 

United  States  of  America 

1 

LakeShel 

. Canada 

BiPiSiiiiiii; 

LaPampa 

United  Kingdom 

7 

Ui8tehenfate 

Franea 

t 

3 

Lamara 

Singapore 

1 

Umrift 

Canada 

2 

1  LaurenUan 

Frartoe 

9 

f  LMMmmmi  I'OrljR 

Panama 

2 

1  Lena 

PNIppines 

8 

Unkm  ot  SoaM  SoeyM  Repdblea 

1 

Laroe  Challenger 

Malta 

1 

Ltymtis 

fPwta 

1 

Liberian  Badak 

Liberia 

1 

Panama 

4 

LMa 

Spain 

1 

1 

r 

-aa^ 

Wmm 

t 

1 

Lorma 

Canada 

1 

UMtBii  SL  iitiflMl 

f 

LudoV  Okfadorff 

Singapore 

1 
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Appendix  A  (contd.) 

International  Ice  Patrol  Ice  and  SST  Reports  for  1985 


Country 
of  Regis 


Ship's  Name 


Reports  R^rts 


MaiKHteBay 

Canaria 

f 

Maiakamd 

Pakistan 

4 

Manchestar  Ciudanga 

UnttadKingcibm 

to 

2 

Manga 

United  Kingdom 

1 

MmitaTriumf^ 

Philippines 

1 

Maratha  Shogun 

India 

2 

MargitGortfwn 

Sweden 

3 

Maria 

Germany 

1 

Marina  Rauiten 

Uberia 

1 

Marina  Star 

United  Kingdom 

1 

Marques  Oabolarqua 

Spain 

1 

Marshal  Grechko 

Union  of  Soviet  Socialist  Republics 

3 

Mashffi 

Norway 

2 

Meerdrecht 

Netherlands 

1 

Maaricatza 

Germany 

0 

Megastar 

Sri  Lanka 

2 

Mata 

Panama 

t 

4 

Masarige 

Canada 

1 

Metro  SUa 

mmmmmmrnm 

Mini  lot 

Panama 

1 

M^jMoos 

Panama 

t 

1 

Miyashima  Maru 

Japan 

1 

1 

MHjat 

MongoSa 

2 

M(^l  Engineer 

Sweden 

4 

Mo&BOiCo. 

Bofivia 

iiiiiiiiiil:: 

Monana  D. 

Uberia 

6 

Moritoabn 

Urriied  States  of  America 

ijiipiiiiig 

Mon^Pythort 

Malta 

1 

MmeiOreck 

Uberia 

mmmmimmm 

Moshrouk 

Norway 

1 

MoulMna 

Greece 

s 

M.Sovero>i 

Singapore 

1 

MusaiM 

Qraeoe 

iiiiiiiiiliii 

Muasofl 

Unkxi  of  Soviet  SodaPet  Repubiica 

1 

Nancy  BartM 

Canaria 

wmmMrnmm 

Naytroii 

Liberia 

1 

2 

Necfcarora 

Uberia 

Noble  Supporter 

Panama 

. 1 . 

Nordaitor 

Uberia 

1 

12 

Nordhekle 

Canada 

3 

NordbSuit 

Singapore 

4 

Nordkap 

Ubaria 

3 

Norshwtm 

Cyprue 

1 

7 

Northern  lynx 

Liberia .  .  . 

1 

USCGC  NORTHWIND 

United  Staue  Of  America 

7 

6 

NoairaUn 

United  Nngdoia 

1 

51 

. .  . . . . 

MllBw  fMHyumii 

3 

NOrnbetg  Express 

Ocean Mng 

Germany 

Greaoe 

4 

1 

OsQleniiD 

Ubaria 

5 

OMma*  Argonaut 

ilnlWI  MlpDDIII 

1 

2 
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Appendix  A  (confd.) 

International  Ice  Patrol  Ice  and  SST  Reports  for  1985 


Ship's  Name 

Country 
of  Registry 

Ice 

Reports 

SST 

Reports 

PacUic  Ctiallmgcif 

United  Kingdom 

■ 

Pacific  Courage 

United  Kingdom 

1 

Pacific  Dafandar 

Lttteria 

9 

Pacific  Express 

Liberia 

1 

Padfico  Mexicano 

Panama 

..'I-...:.;... 

Pan  Crystal 

Korea 

1 

Pantazis 

Greece 

1 

Pavel  Vavilov 

Union  of  Soviet  Socialist  Republics 

1 

PaiMiaa 

United  Kingdom 

12 

Petrodvorets 

Union  of  Soviet  Socialist  Republics 

4 

PNiippeld 

France 

1 

Placentia  Bay 

Canada 

1 

Pianeta 

Germany 

1 

Polar  Bear 

Liberia 

2 

Polar  Oircie 

Canada 

2 

USCGC  POLAR  SEA 

United  States  of  America 

1 

Port  St  Jean 

Canada 

2 

Premnitz 

Germany 

2 

Preddent  Quasitt 

Phi^ipines 

1 

PriinrKvsk 

United  Kingdom 

2 

Print  Maurfia 

Netherfands 

Pristina 

Yugoslavia 

1 

Proteus 

United  KIngdoom 

1 

Puhos 

Finland 

3 

5 

Ouadra 

Canada 

4 

Queen  Ellizabeth  II 

United  Kingdom 

2 

Quest 

Canada 

1 

Reginas 

Greece 

1 

Ruabena 

United  fQngdom 

1 

RioFrio 

Netherlands 

1 

RioPiaiili 

Ubeda 

1 

Saar  lore 

Liberia 

2 

SaIvtaSlar 

ix'x-liffinppiQii 

2 

Saskatchewan  Pioneer 

Canada 

1 

ScaiNinaviaMeru 

Japan 

1 

Schnoorturm 

Canada 

4 

SaafotthAtlanfio 

Canatte 

3 

Seatorth  Atlantic  Cartwright  1 

Canada 

1 

Sea  Portias 

Panama 

3 

Sealand  Express 

United  States  of  America 

1 

Sealand  Indepandencs 

Mildco 

1 

Se^inMaru 

Japan 

5 

BsMirftSeilfier 

Canada 

1 

Senhora  Das  Candelas 

Portugal 

4 

Pranoa 

1 

Silvsrtand 

Sweden 

2 

Sir  ltdbart  dead 

Canada 

7 

Sir  W.  Alexander 

Canada 

1 

mism 

Skaftsfell 

loaiand 

1 

SMsaealory 

Pdtatd 

3 

2:  , 

Stefan  StarzynsM 

Poland 

4 

Appendix  A  (cont'd.) 

International  Ice  Patrol  Ice  and  SST  Reports  for  1985 

Country  Ice 

Ship’s  Name  of  Registry  Reports 

SST 

Reports 

StoitC^e: 

France- 

-f.'" 

Stolt  Excellence 

Liberia 

1 

:StraRjs 

Lib^a 

4 

Stuttgart  Express 

Germany 

3 

Sttiflretta 

'-FWianita;::- 

Tadeusz  Kosduszzko 

Poland 

1 

TateW'": : 

Teamhada 

Singapore 

2 

Techno  St^  Laurent 

Canada 

1 

Terra  Nordica 

Canada 

4 

TTiuletand 

Singapore 

1 

Tina 

Cypnrs 

1 

Toanw 

Canada 

2 

Tobruk 

Poland 

1 

Tokiarrow 

United  Kingdom 

1 

Torrent 

Liberia 

1 

Trans  ReMfar 

Panama 

T 

Traquair 

United  Kingdom 

9 

Travetnar  Africa 

Spain 

1 

6 

Trinity  Bay 

Canada 

9 

Tsukubarnaro 

Japan 

1 

i 

Tuber 

Canada 

1 

TuHtaa 

Sweden 

1 

Tulsidas 

India 

1 

UhiwarsytetSiasky 

Poland 

1 

Uority  Dolgarufiy 

Union  of  Soviet  Socialist  Republics 

1 

Vamand  Wave 

Unitad  Kingdom 

1 

Vanil 

Sweden 

1 

5 

VaiMtita 

FMand 

2 

Vimieiro 

Portugal 

1 

Vaacaya 

Norway 

1 

Wmderer 

United  Kingdom 

4 

WamamurKSe 

Union  of  Soviet  Sodalisf  RepubRcs 

3 

WHfred  Templeman 

Canada 

2 

Wise 

Cyprua 

6 

World  Agamemnon 

Greece 

1 

World  Aisortaul 

Greece 

1 

World  Nancy 

Panama 

1 

Yannia 

Greece 

t 

Yukona 

Liberia 

3 

1 

Zaapaard 

Bahamaa 

1 

Ziemia  Opolska 

Polsvid 

2 

ZlemtaZam^sto 

Pofand 

3 
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Appendix  B 

Iceberg  /  Ship  Target  Discrimination 
with  Side-Looking  Airborne  Radar 

LTJG  N.  B.  Thayer,  USCGR 
CDR  N.  C.  Edwards,  USCG 


Introduction 


Since  1983,  the 

International  Ice  Patrol  (IIP)  has 
been  using  a  Motorola  AN/APS- 
135  Side-Looking  Airborne  Multi- 
Mission  Radar  (SLAMMR)  as  its 
primary  method  of  iceberg 
reconnaissance  in  the  North 
Atlantic.  The  abiitty  to  detect 
icebergs  with  a  side-looking 
airborne  radar  (SLAR)  in  poorer 
zero  visbility.  plus  the  abilty  to 
search  larger  areas,  has  resulted 
in  a  significant  increase  in  the 
number  of  icebergs  tracked  by 
IIP. 

Because  SLAR  can  be 
used  with  the  sea  surface 
obscured  by  clouds,  IIP 
frequently  oorxJucts 
reconnaissance  flights  when 
visual  confirmation  of  SLAR 
targets  is  not  possible.  Without 
visual  confirmation,  distinguisNng 
between  icebergs  and  vessels  is 
sometimes  dVfi^. 

Wlhout  visUe  cues  on  the 
SLAR  fHm  (target  movement, 
wakes,  brash,  radar  shadows, 
strength  of  return)  which  improve 
target  kJentHcation,  k  isdifficukto 
(languish  between  targets  wkh 
Simla’ radar  return,  e.g..  smal 
icebergs  and  vessels.  IIP  has 
planned  Is  search  legs  and  the 
track  spacing  equal  to  one-hal 


the  total  SLAR  sweep  width  (i.e., 
25  nm).  This  type  of  search  plan 
gives  200%  covaage  between 
paralel  legs  and  provides  two 
views  of  each  target  within  the 
search  aea.  Despite  these 
efforts  to  maximize  cues,  I  is  still 
sometimes  dWicult  to  distinguish 
vessels  from  small  and  medium 
icebergs.  For  example,  fishing 
vessels  often  drift  or  move  slowly, 
producing  no  wake  and  showing 
little  or  no  movement  between 
looks.  In  addition,  the  search  legs 
going  to  and  from  the  search  area 
as  well  as  the  outlying  legs  of  the 
search  kseV  do  not  afford  double 
SLAR  coverage.  Asaresuk, 
approximately  35%  of  the  search 
area  is  seen  only  once  on  SLAR, 
eliminating  the  chance  to  detect 
movement  arxi  decreasing  the 
probabilky  of  piddng  up  other 
cues  from  SLAR  imiges. 

This  study  measures  the 
error  rale  in  SLAR  target 
identification,  using  sbgle  looks 
at  individual  iceberg  and  ship 
targets  without  visual  cues. 


Methods 

To  conduct  this  study,  it 
was  necessary  to  find  a  source  of 
SLAR  targets  with  visual 
confimration.  The  best  source  of 
targets  wkh  positive  identificatbn 
of  both  target  size  and  type  was 
the  BERGSEARCH  *84  (Rossiter, 
etal.,  1984)  data  and  the  1985 
SLAR  experiment  conducted  by 
IIP  and  the  Coast  Guard  Research 
and  Devebpoment  Center 
(Robe,  etal.,  1985).  These  two 
sources  provided  SLAR  film  from 
7  days  of  IIP  operatbns  wkh 
shipboard  ground  truth  data,  1 60 
ship  and  iceberg  targets  baH.  Al 
of  ^  film  used  b  thb  study  was 
collected  at  an  akkude  of  8,000 
feet  on  the  50  km  SLAR  range 
scale,  standard  conditions  during 
IIP  iceberg  reconnaissarrce. 

The  f  Ims  were  dupicated 
and  the  duplicate  films  were 
examined  for  sukabte  targets  for 
the  study.  All  targets  without 
obvbus  cues  were  used. 

Although  targets  were  not 
selected  for  ambiguky,  aHof 
those  used  were  qitite 
ambiguous,  since  they  were  ak 
single  targets  without 
accompanying  visual  cues.  Wkh 
the  Imked  number  of  vessels  and 
Icebergs  involved  b  the  two 
source  experiments,  some 
targets  were  used  more  than 
once,  but  separate  SLAR  passes 
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provided  different  looks  so  that 
each  image  was  used  only  once. 

To  isolate  individual  targets 
and  at  the  same  time  give  the 
SLAR  interpreters  a  surrounding 
piece  of  film  to  examine  for 
background,  each  target  was  cut 
from  a  duplicate  film  and  mounted 
on  a  2 1/4"  photo  slide  mount. 

Each  target  was  randomly 
assigned  a  2-3  digit  identification 
number  and  each  slide  mount 
was  labelled  with  that  number,  the 
lateral  range  to  the  target  from  the 
aircraft,  arid  the  sea  conditions 
(from  ship  ground  truth). 

These  74  slides  (35 
icebergs  and  39  ships)  were 
taken  to  U.  S.  Coast  Guard  Air 
Station  Elizabeth  City,  North 
Carolina,  for  viewing  by  the  Coast 
Guard  Avionics  Te^rridans  who 
are  the  liPs  SLAR  interpretefs, 
operators  and  technicians  during 
ice  reconnaissance  flights.  Four 
experienced  technicians 
separately  viewed  the  slides  on  a 
light  table  using  an  optical 
ma^ifier,  conditions 
approximating  the  normal  IIP  post¬ 
flight  analysis.  Each  technician 
was  asked  to  identify  each  target 
as  either  a  sh(p  or  an  iceberg. 

Table  B-1.  Target  Identification 


Table  B-1  presents  the  raw 
test  results,  divided  into  the  two 
target  types:  ships  and  icebergs. 
The  "correct"  colurm  under  ec^ 
target  type  represents  the 
number  of  times  each  observer 
identified  that  target  correctly, 
while  "incorrect"  represents  the 
number  of  times  that  type  of 
target  was  misidentified. 

The  data  was  subjected  to 
Chi-square  analysis  (Lapin,  1975) 
to  identify  statistically  significant 
differences  in  the  error  rates 
between  the  observers,  and  to 
look  for  differences  in  how  the 
two  target  types  were  treated. 

The  analyst  revealed  that  there 
was  too  much  difference  in  error 
rate  arxi  target  treatment 
between  the  four  obsenrere  to 
allow  combining  the  data.  Also, 

observers  1  through  3  showed  a 
bias  toward  icebergs,  i.e.,  a 
tendency  to  idently  sh^  as 
icebergs.  This  is  a  reflection  of 
their  IIP  experience,  since 
observers  are  taught  to  be 
oonsenrative  and  identify 
doubtful  targets  as  icebergs. 
Obsenrers  1  and  3  were 
sufficiently  simlar  In  flieir 
treatment  of  the  targets  to  allow 
combining  their  data.  Finally. 


observer  4  showed  no  bias 
toward  icebergs. 

The  results  from  obsenrers 
1  and  3  probably  offer  the  most 
representative  sample,  since  the 
bias  they  show  toward  icebergs 
reflects  their  IIP  experience. 
Actually,  whBe  selection  of 
different  subsets  of  the  data  can 
be  made  based  on  bias  shown  or 
statistical  judgements,  the  error 
rate  for  all  targets  is  in  the  range  of 
40-45%,  as  shown  in  Table  B-2. 

While  these  data  sets 
cannot  be  combined  or  compared 
forstatisticai  reasons,  selecting 
any  one  of  them  yields  essentially 
the  same  result,  i.e.,  that  the 
observers  correctly  identifled  al 
targets  55-60%  of  the  time. 
Appied  directly  to  all  IIP  SLAR 
detections,  a  posstiie  45%  error 
rate  would  have  alarming 
inpications.  The  targets  used  in 
this  study,  however,  represent 
only  a  subset  of  IIP  SLAR  targets. 
There  are  characteristics  that  imfl 
the  size  of  that  subset  and 
mitigate  the  45%  figure. 

Rrst,  the  sizes  of  icebergs 
in  BERGSEARCH  '84  and  the 


Table  B*2.  Error  Rates 


Obser-  Error  Rate 
verts)  (Ships  &  Icebergs) 


1-4  45% 

1,3  40%  (Iceberg  Bias) 

4  40%  (No  Bias) 


Observer 

Iceberg 

Correct  Incorrect 

Ship  k 

Correct  Incorrect  | 

1 

31 

4 

IS 

24 

2 

23 

12 

7 

32 

3 

28 

7 

15 

24 

4 

20 

15 

24 

15 

TOTAL 

102 

38 

81 
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Table  B-3.  Iceberg  Size  Distribution  (SLAR)  1984  •  1985 


Year 

Growler 

Small 

Medium 

Large 

Radar 

Total 

1984 

370 

441 

418 

211 

21 

1461 

(25%) 

(30%) 

(29%) 

(14%) 

(1%) 

1985 

65 

194 

182 

113 

10 

564 

(11%) 

(34%) 

(32%) 

(20%) 

(1%) 

1960- 

8393 

21353 

15461 

4854 

7711 

57772 

1982 

(15%) 

(37%) 

(27%) 

(8%) 

(13%) 

1985  IIP  experiment  range  from 
growlerthrough  medium.  The 
targets  selected  for  this  study 
were  small  and  medium  icebergs 
(ground  truthed  by  on-scene 
vessels)  and  ship  targets  of  similar 
radar  return.  Small  and  medium 
icebergs  represent  59%  of  the 
icebergs  recorded  by  IIP  SLAR  in 
1984  and  66%  in  1985,  as  shown 
in  Tables^.  These  percentages 
are  comparable  to  the  pre-SLAR 
value  of  64%  for  the  period  1960 
through  1982. 

The  second  mitigating 
factor  is  the  ambiguity  of  the 
targets  used,  i.e.,  the  absence  of 
cues.  Since  the  methods  of  this 
study  eliminated  these  cues,  the 
targ^  used  represented  the 
most  ambiguous  available. 

In  order  to  assess  the 
impact  of  these  results  on  IIP 
iceberg  reconnaissance,  it  is 
necessary  to  estimate  the 
proportion  of  IIP  SLAR  targets 
that  are  cueless.  Kcanbe 
consenratively  assumed  that  40% 
(rf  SLAR  targets  are  cueless, 
based  on  IIP  operational 
experience.  Indications  that  this 
is  a  reasonably  consenrative 
assumption  are  that  the  data  set 
used  for  this  study  in  which  74  of 
160  targets  (46%)  were  cueless, 
and  the  fact  that  65%  of  IIP 
search  flight  mleage  offers  200% 
search  coverage,  which  is 
assumed  to  greatly  increase  the 
probabity  of  cues  being  present. 
Afurther  assumption  is  that  the 
presence  of  cues  results  in  100% 
correct  identification 


Applying  a  worst-case  error 
rate  of  45%  to  the  (estimated) 
cueless  40%  of  the  smal  and 
medium  icebergs  detected  by 
SLAR,  yields  an  estimated  SLAR 
error  of  161  and  68  misidentified 
icebergs  in  1984  and  1985,  in  the 
smaR  and  medkjmsize  range. 

Conclusions 

The  probabRity  of  correctly 
identifying  arrtixguous  (cueless) 
iceberg  and  ship  SLAR  targets  is 
just  above  chance  (55-60%). 
Therefore,  the  International  Ice 
Patrol  uses  search  tactics  to 
maximize  cues  and  visual 
confinnation  during  SLAR 
reconnaissance. 

Based  on  this  limited  study 
of  cueless  SLAR  targets,  the 
SLAR  error  rate  and  iceberg  bias 
of  SLAR  operators  could  inflate 
the  number  of  icebergs  that  IIP 
reports.  ThisHlationis 
insignificant  when  compared  with 
the  increased  efficiency  that 
SLAR  provides  iceberg 
reconnstissance.  Even  though 
visual  searches  provide 
unquestionable  identification, 
they  were  historicaly  flown  only 
on  50%  of  the  depkqrmenl  time 
and  each  visutri  flight  covered 
one-third  less  area  than  a  SLAR 
flight  does. 

An  important  issue  not 
addressed  by  this  study  is  the 
SLAR  UentWcation  error  rate  for 
unamb^uous  targets,  i.e.,  targets 
withcues.  Ifthiserroris 
quantified  by  further  study,  a 
better  estimate  of  the  overal  error 
rate  would  be  possbie. 
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Appendix  C 


Oceanographic  Conditions  on  the  Grand 
Banks  During  the  1985  IIP  Season 

LT I.  Anderson,  USCG 


Introduction 


TIROS  Oceanographic 
Drifter  Tracks 


During  the  1985  international  Ice 
Patrol  (IIP)  season,  twelve  salelltte- 
tracked  TIROS  Oceanographic 
Drifters  (TODs)  were  dej^yed  in 
the  IIP  operating  region.  Tenof 
the  TODs  were  deployed  from  an 
HC-1 30  aircraft  during  regular  ioe 
reconnaissance  flights.  The  data 
from  these  TODs  are  discussed 
below.  The  remaining  two  TODs 
were  deployed  and  recovered 
five  times  each  from  the  USCGC 
EVERGREEN  as  part  of  an 
iceberg  drift  and  d^erioration 
study.  This  is  the  first  time  IIP  has 
deployed  TODs  with  the 
exprrased  intent  of  recovery. 

The  tracks  of  the  bwo  ship- 
deployed  TODs  ate  rfisojssed  in 
AppendbcD. 

Two  oceanographic  cruises  were 
planned  during  the  1985  IIP 
season.  The  first  cruise  was  on 
the  USCGC  EVERGREEN 
(WMEC  295)  from  10  April  unH  10 
May  1985.  The  objectives  of 
obtaining  iceberg  drift, 
deterioration  and  detection  data 
were  met.  The  results  of  the 
EVERGREEN  cruise  drift  data 
are  dbcussed  in  AppendbcD  and 
the  detection  data  resuls  are 
dtecussedinAppendbcB.  The 
iceberg  deferioralion  data  wl  be 
dtocuseed below.  Theseoond 
cnjise  planned  for  USCGC 
NORTHWIND  (WAQB  282)  was 
canceled  because  of  shipis  main 
engine  ptobisme. 
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HP  uses  TODs  to  provide  real  time 
current  informaHon  to  update  the 
historical  current  field  used  by  our 
iceberg  drift  model.  TODsare 
depk)^  in  iseasof  high  iceberg 
density  and  in  areas  of  high 
variabdty  ki  the  current  fiM  in 
orderto  improve  drift  predtolion. 

Al  ten  of  the  air-ciropped  TODs 
have  a  3  meter  long  spar-shaped 
hul  with  a  1  meter  dianeter 
flotation  collar  and  are  eqMpped 
with  a  sea  surface  temperEdure 
(SST)  sensor,  a  (jkogue  tension 
sensor,  and  &  battery  voltage 


monlor.  Each  TOD  is  deployed 
wlh  a  2  meter  by  10  meter 
winciow  shade  drogue  attached 
to  the  TOD  by  elhw  a  30  or  50m 
tether  (Table  C-1).  An  average  of 
7.4  po^ns  per  day  from  each 
TOD  were  obtained  through 
Senrice  ARGOS.  The  distribution 
of  the  positions  and  sensor  data 
points  are  evenly  distributed  in 
time  except  for  the  period 
between  OOOOZ  and  0400Z 
where  virtually  no  data  is 
received.  This  nul  data  period  is 
due  to  the  orbits  of  the 
NOAAHIROS  N-series  satellites. 


Table  C-1.  1985  IIP  TIROS  Oceanographic  Drifters 


Dale  Tether  Par.  Deploy  Dale  Left  ^ 

TOD  f  Deployed  Deptoyment  Position  Le^  Rel.  ^T  IIP  Area 


4526  10 APRIL  46M5.6N  46^8W  SOM  NO  -0.8  22  JULY 

4536  7  MAY  45”42.0N  48^.6W  SOM  NO  -0.6  5AUQ*  I  * 

4527  30  MAY  46W.8N  47*22^^  SOM  NO  0.0  17  SEP** 

4537  3  JUNE  47*40.0N  48W.0W  SOM  NO  ~ - “ 

4548  28 JULY  47W.6N  47*17.4W  SOM  NO  10.2  8 AUG* 

4529  28  JULY  48*21.0N  W48XM  SOM  NO  10.0  17  OCT  '  J 

4550  29  JULY  SO*30.0N  S(r29.4W  50M  YES  &3  2  OCT 

4548  10  AUGUST  47W.0N  47"30.0W  SOM  NO  -  “ 

4541  11  AUGUST  48^7.4N  47W.eW  SOM  NO  1Z6  11  SEP 

4544  28  AUGUST  50*07.2N  50'29.4W  SOM  YES  18  *** 

PAR.  REL.;  \%ialy  confirmed  release  of  parachute  at  deployment 

+:  MCLUOESDATAFROM3JUNEONLY 

*:  PICKED  UP  BY  FiSHMG  VESSELS.  4536  HAS  BSN  RETURNED  TO  HP 
AND  4548  M  MURMANSK,  USSR 
**:  TOD  FALEDON17SEPTEMBERWHLE  IN  HP  REGION 
***:  STU  M  HP  REGION  AS  OF  30  OCTOBER  1966 


Figure  C-1.  Drift  tracks  for 
internationai  ice  Patroi's 
1985  TODs. 

Tracks  presented  include  data 
through  30  October  1985.  The 
symbol  (  )  indicates  deployment 
position  of  the  TOD.  The  Julian  dates 
beside  the  tick  marks  correspond  to 
events  discussed  in  the  text. 


As  of  30  October,  only  one  of  the 
TODs  (#4544)  remained  in  the  IIP 
region  (Figure  C-1 ).  Two  of  the 
TODs  (#4537  and  #4546)  failed 
on  deployment.  TOD  #4526  was 
deployed  on  10  April.  Between 
1 1  April  and  3  June,  only  one 
position  was  received.  After  3 
June,  TOD  #4526  performed 
without  problem.  Two  TODs 
(#4536  and  #4548)  were 
recovered  by  fishing  vessels. 

Four  of  the  TODs  (#4529,  #4541 , 
#4544  and  #4550)  are  still  drifting 
and  providing  data  while  two 
other  T ODs  failed  after  110  days 
(#4527)  and  178  days  (#4526). 

Only  two  of  the  parachute  release 
mechanisms  (TODs  #4550  and 
#4544)  were  obsenred  to  operate 
following  deployment.  The  actual 
fate  of  the  remaining  TOD 
parachutes  is  uncertain.  We 
assume  that  when  the  parachute 
collapsed,  it  settled  into  the  water 
and,  at  worst,  ended  up  acting  as 
a  near-surface  drogue.  TOD 
#4536  was  obsen/ed  from  CG- 
1504  on  18  July,  more  than  two 
months  after  de^yment,  with 
the  parachute  wrapped  abound 
theTODhun.  The  parachute  was 
still  attached  to  the  TOD  when  it 
was  recovered  by  a  fishing  vessel 
on  5  August.  There  are  no 
significant  differences  kn  the 
velocity  distributions  for  TODs 
with  confirmed  parachute 
releases  and  those  without, 
suggesting  the  parachute,  even  if 
it  remains  attached  to  the  TOD 
does  not  signincantly  affect  the 
drift  of  the  TOO  (Figure  C-2). 

The  below  discussions  include 
TOD  data  through  30  October 


Figure  C-lb 
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1985.  The  drift  tracks  of  the 
TODs  wOl  be  discussed  beiow  in 
chronologicai  order  according  to 
when  they  were  deployed,  lire 
number  in  parenthesis  following 
dates  are  Jufian  dates  arxJ 
correspond  to  the  dates  on 
Figure  C-1. 


TOD  #4526 

TOD  #4526 was  deployed  on  1 0 
April  (1 00)  in  the  Flemish  Pass  in 
position  46®15.ffN  46^8.8^ 
(Figure  C-1).  Between  1 1  April 
and  3  June  (1 54) ,  only  one 
position  was  received  from  TOD 
#4526.  This  position  on  26  May 
(146)  at47^.4'N  44“15.0'W 
indicated  TOD  #4526  drifted 
north  around  Flemish  Cap.  From 
3  June  (1 54)  to  7  June.  TOD 
#4526  drifted  from  46<>48.6'N 
44‘’07.2^  in  a  southwesterly 
directbn  at  an  average  velocity  of 
27  cnrys  until  it  entered  the  North 
Atlantic  Current.  On  7  June 
(158),  the  sea  surface 
temperature  reading  from  TOD 
#4536  increased  from  3^  to  5^. 
Atthough  TOD#4526  briefly 
drifted  north  of  the  IIP  region 
between  7  July  (188)  and  1 1  July 
(192).the  drift  track  of  TOO 
#4526  after  7  June  oorrMponds 
wen  with  the  isotherm  pattern  as 
depicted  by  the  Canadian 
METOC  SST charts  (Figure  C-3). 
An  average  velocily  of  51  crr^s 
was  maMained  while  TOD  #4526 
was  in  the  North  Atlartb  Current 
undi  exiting  the  llPregbntothe 
east  on  22  July  (203). 

During  June  when  TOD  #4526 
was  drtiting  north  of  Flembh  Cap 
in  the  North  Atlantic  Current,  the 
isotherm  apparently  bdbated 
the  western  edge  of  this  branch 
of  the  North  Atlantic  Current. 

TOD  #4526 continued  to  return 
data  as  kdrifted  across  the 
Atlantic  untiins  failure  on  5 
October.  Throughout  the  period 
from  3  June  until  5  October,  the 
drogue  sensor  indbated  the 
drogue  was  dsoonnected. 


Figure  C-2.  Velocity  distributions  for  International  Ice  Patrol's 
1985  TOOs 


Figure  C*2a 


Figure  C-2b 


TOD«4536 


TOD  #4536 was  deployed  on  7 
May  (127)  in  500m  of  water  on  the 
eastern  edge  of  the  Grand  Bank 
south  of  Flemish  Pass  in  position 
45“42.0'N  48®09.6W  (Figure  C- 
1).  TOO  #4536 was  carried  south 
the  Labrador  Current  roughly 
foBowing  the  500m  contour  at  an 
average  velocity  of  44  ciWs  until 
passing  south  of  the  Tail  of  the 
Bankon17May(137).  Between 
17  May  and  3  July  (184),  TOD 
#4536  meandered  abngthe 
front  between  the  Labrador 
Current  and  the  North  Atlantic 
Current  at  an  average  velocity  of 
32cnV8.  The  location  of  the  front 
is  particularly  evident  near  42*1^ 
47^  along  the  1 0**C  isotherm  in 
the  METOC  SST  chart  of  14-17 
June  (Figure  C-3).  The  large 
amount  of  time  (47  days)  that 
TOO  #4536  spent  in  this  relatively 
slow  moving  area  explains  the 
shift  of  the  velocly  distrtxjtton 
curve  to  the  left  (Figure  C-2). 

On  3  July  (184),  the  water 
temperature  increased  from  9^ 
to  1 1*0  and  the  velocity 
increased  signiicantly  from  about 
20  to  60  cnVs  hidicattog  TOO 
#4536  had  been  caught  up  in  the 
North  AMantic  Current.  It 
remained  in  the  North  Atlantic 
Current unM  25  July  (206).  From 
25  July  untN  5  August  (21 7).  TOO 
#4536 drfled  skM^  at  an 
average  velocity  of  I0cm%. 

On  5  August.  TOD  #4536 was 
picitod  up  by  a  fishing  vessel 
wortdng  out  of  New  Bedtord, 
Massachusetts  and  the  TOD  was 


subsequently  returned  to  the  Ice 
Patrol.  The  exact  date  TOD 
#4536 was  picked  up  by  the 
fishing  vessel  is  not  certain.  The 
drogue  was  attached  to  the  TOD 
when  it  was  recovered. 

TOO  #4527 

TOD  #4527  was  deployed 
between  the  200m  and  500m 
contours  along  the  eastern  Grand 
Bank  in  position  46*^.8'N 
47*>22.8'W  on  30  May  (150) 
(FigureC-1).  It  drifted  south  with 
the  Labrador  Current  at  an 
average  velocity  of  29  cnVs  abng 
the  ec^e  of  the  she!  until 
entering  the  North  Atlantic 
Current  on  about  22  June  (1 73). 

It  remained  in  the  North  Atlantic 
Current  travelling  to  ageneraly 
northeasterly  direction  at  47  cm/s 
until 4 July (185).  Between4July 
and  18  August  (230).  TOD  #4527 
meandered  getWraly  northward 
at  26  cm/s  complettog  one  large 
cydonic  circle  south  of  the 
FlemishCap.  This  period  of  time 
was  spent  between  the  Labrador 
Current  and  the  Norto  AHanlic 
Current. 

On  18  August  (230).  TOD  #4527 
re-errtered  the  Norto  Atlantic 


Current  and  was  carried  again  to 
the  northeast  at  74  cm/s.  On  28 
August  (240) ,  TOD  #4527  began 
a  slow  cydonic  motion  that 
folowed  the  isotherm  pattern  at 
an  average  velocity  d  27  crrVs 
(Figure  C-3).  TOD #4527 exited 
and  re-entered  the  IIP  region 
during  this  section  of  the  drift.  It 
continued  this  motion  until  the 
TOD  failed  on  1 7  September 
(260).  The  drogue  sensor 
indicated  the  drogue  remained 
attached  unti  1 1  September 
(254). 

TOD  #4529 

TOD  #4529  was  deployed  on  the 
north  side  of  SackvHe  Spur  in 
about  1 000m  of  water  on  28  July 
(209)  to  position  48*^1 .074 
46”48.0‘W  (Figure  C-1).  It  drifted 
around  the  top  of  Flemish  Cap  at 
an  average  velocly  of  21  cm/s 
until  18  August  (230)  when 
I  was  caught  up  to  the  North 
Atlantic  Current.  TOD#4529was 
carried  to  a  generaly  northerly 
direction  at  36  cm^  until  I  exied 
the  IIP  region  on  14  September 
(257).  Thte  northward  drit 
corresponds  weHwIh  the  12*<: 
i80thennasdepictedonthe15- 
19  August  METOC  SST  chart 


Table  C-2. 

1984  RP  TIROS  Oceanographic  Drifters  GrowKflng  In  Europe 


Dw*>ymwit  Grounding 

TOO  #  Date  Deptoyment  Position  Date  Grounding  Position 

4512  27APR84  47*S1.6N47*^.0W  27  SEP  85  48*36.6N  01'38.4W 

4528  5AUG  84  5(PSe.4N51*01.2W  12  OCT  85  57to3.0N  06‘29.4W 
4530  8  AUG  84  46*46.8N  46*S4.4W  28  AUG  85  S(P01.2N  05*15.6W 


Figure  C-3.  Canadian 
METOC  Saaa  Surface 
Tempeiature  Ctiarta  for  the 
indicated  perioda 


(Figure  C-3).  The  SST  sensoron 
TOD  #4529  indicated  between 
1 and  13°C  during  this  time 
period. 

TOD  #4529  drifted  to  the 
northeast  before  turning  south 
and  re-entering  the  IIP  region  on 
24  September  (267).  After  re¬ 
entry.  TOD  #4529  drifted  south 
until  28  September  (271)  when  it 
turned  cydonically  completing  an 
elipse  with  a  major  axis  length  of 
about  1 40  km  on  6  October 
(279).  The  average  velocity 
duririg  the  elliptic^  drift  was  39 
cm/8.  TOD  #4529  then  drifted 
slowly  to  the  northwest  exiting 
the  IIP  region  on  1 7  October 
(289).  Asof30October.TOO 
#4529 was  stil  transmitting  and 
the  drogue  sensor  indicated  the 
drogue  was  stW  attached. 

TOD  #4550 

TOO  #4550 was  deployed  in 
about  750m  of  water  n^  of  the 
Grand  Bank  on  29  July  (210)  in 
posUon  50^.0'N  50o29.4'W 
(FigureC-1).  It  drifted  southeast 
and  then  south  with  the  Labrador 
Current  through  the  Flemish  Pass 
fokfwing  the  bathymetry  untl  20 
August  (232).  Duringthis 
bathymetrictfy  guided  drtt 
period,  the  average  veiocHy  was 
34crtVS.  TOD#4550 meandered 
in  a  aouthea^Nly  dbection  at  an 
average  velocity  of  18  cm/s  untl  9 
September  (252).  The  SST 
values  relumed  from  TOO  #4560 
rose  from  12^10 17*0  between 
9and  lOSeplemberindfcaiing 
TOO  #4550  had  been  caught  up 
hr  the  North  Atlantfc  CurrenL 

The  North  Atlanlio  Current  carried 
TOO  #4650 10 the  northeast  at  an 
average  velocity  of  97  cm/S  undi  it 


Figure  C^  Manch  15-18, 1965 
Figure  08b.  Aprfl  IMS.  1985 
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exited  the  IIP  region  on  19 
September  (262).  TOD  #4550  re¬ 
entered  the  IIP  region  briefly 
between  29  September  (272) 
and  2  October  (275).  The  drogue 
sensor  indnated  the  drogue 
became  disconnected  from  the 
TOD  on  6  October.  TOD  #4550 
is  stil  transmuting. 

TOO  #4541 

TOD  #4541  was  deployed  north 
ofSackvite  Spur  in  about  1000m 
of  water  on  1 1  August  (223)  in 
posSion  48"1 7.4’N  47»00.6W 
(Figure  C-1).  The  drogue  sensor 
indicated  the  drogue  became 
disconnected  on  15  August 
(227).  TOD#4541  driftedtothe 
southeast  across  the  top  of 
Flemish  Cap,  crossing  isobaths, 
at  an  average  velocity  of  27  cm^ 


Figure  C4c.  May  10-13. 1985 


until  6  September  (249). 
Between  6  and  8  September,  the 


Figure  C-3D.  June  14-17, 1986 


SST  rearfngs  from  TOD  #4541 
rose  from  1 2*0  to  1 6°C  indicating 
TOD#4541  hadenteredthe 
North  Atlantic  Current.  Fiom6 
September  until  TOD  #4541  left 
the  IIP  region  on  11  September 
(254),  it  drifted  in  an  easterly 
(9re(^at70cm^.  AsofSO 
October,  TOD  #4541  wasstW 
traiwmitting. 

TOD  #4544 

To  determine  the  drift  of  the  last 
ooncer<ration  of  icebergs  for  the 
season,  TOO  #4544 was 
deployed  north  of  the  Grand 
Banks  in  500m  of  water  on  26 
August  (238)  in  position 
50*1)7.274  50°29.4'W  (Figure  C- 
1).  TOO#4544driftedwlththe 
Labrador  Current,  folowing  the 
battrymetry,  through  the  Flemish 
Pass  at  an  average  vetocfty  of  34 
crrys  urftl  27  September  (270). 
The  drogue  eeneor  incRcated  the 
drogue  was  attached  only 
between  28  and  30  August. 
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From  27  September  (270)  until 
1 6  October  (289),  TOD  #4544 
drifted  in  a  southeasterly  direction 
at  26  cnVs  until  it  was  caught  in 
the  North  Atlantic  Current. 
Between  16  October  (289)  and 
30  October  (303),  TOD  #4544 
drifted  with  the  North  Atlantic 
Current  at  53  crrVs.  As  of  30 
October,  TOD  #4544  was  stil 
transmitting  from  within  the  IIP 
regton. 

TOD  Results  and 
Conclusions 

The  variability  of  the  flow  in  the  IIP 
region  is  again  well-depicted  by 
this  year's  TOD  drift  tracks.  The 
areas  northeast  and  south  of 
Flemish  Cap,  in  particular, 
ilustrate  the  variability  that  exists 
in  the  IIP  region  making  drift 
prediction  so  difficult  without  near- 
real-time  inputs.  As  shown  in 
previous  years,  the  bathymetry  of 
the  Grand  Bank  and  Fle^h  Cap 
plays  a  major  role  in  guiding  the 
drifts  of  TODs  (Andei^n,  1984). 
The  only  TOD  (#4541 )  not 
apparently  guided  bathymelricaly 
in  this  area  apparently  had  lost  Ms 
drogue. 

TODs  continue  to  supply  IIP  wMh 
needed  reaMMne  current 
information  that  is  rer^jired  to 
improve  iceberg  drift  prediction. 
IIP  intends  to  continue  using 
TODs  operationally.  Thedata 
from  aH  future  TODs  wl  be 
entered  into  the  Global 
Teieoommunicalions  System 
(GTS).  The  historical  currentfiie 
east  and  north  of  Flemish  Cap  wM 
be  examined  for  possMe 
changes  based  upon 
accumulated  TOD  drR  tracks. 

As  a  footnote,  three  of  the  TODs 
released  in  1964  have  grounded 
in  Europe.  TOD#4512ran 
aground  new  Cherborg.  France 
on  27  September  1965  and  was 
taken  to  Breal.  France.  TOO 
#4626  grounded  on  the  Wand  of 
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Figure  C-ae.  July  12*15, 1965 
Figure  C-3f.  August  16*19, 1965 


Rhum  in  the  Sea  of  The  Herbides 
off  Scotland  on  1 2  October  1985, 
and  TOD  #4530  ran  aground  near 
Heteton,  England  (near  Lands 
End)  on  28  August  1985  (Table  C- 
2).  With  the  cooperation  of  the 
ftoyal  Navy  and  the  Military  Airlift 
Command,  TOD  #4530  is  being 
returned  to  Ice  Patrol. 

1985  Iceberg  Deterioration 
Observations 

In  1983  International  Ice  Patrol 
began  using  a  computer  model  to 
predict  iceberg  deterioration. 

The  model,  based  on  White,  et 
al.,  1980,  uses  meHing  due  to 
insolatton,  vertical  buoyant 
convection,  wind-forced 
convection,  and  wave  erosion  to 
reduce  the  length  of  each 
iceberg.  Thertotailsofthe 
equattons  used  by  IIP  to  model 
these  four  processes  can  be 
found  in  Anderson,  1983. 

During  the  EVERGREEN  cruise, 
measurements  of  the  obsenred 
icebergs  were  made  using  a 
reticulated  laser  range  finder. 
Measurements  were  made  twice  a 
day  separated  by  1 2  hours, 
weather  and  other  operations 
permMing.  Photogriyihsofthe 
iceberg  were  taken  in  oorijunction 
with  the  measurements.  Length 
and  mass  estimates  were  made 
from  the  measurements  and 
photographs.  Ttiesemethode 
can  lead  to  a  large  error  in  mass 
estimation,  since  none  of  the 
imderside  of  the  iceberg  was 
obeenred.  Seasurfaoe 
temperature  (SST),  significant 
wave  heigN  and  period  data  were 
aleooolected.  Theobsenred 
environmentai  data  were  used  as 
the  Inputs  for  the  deterioration 
model  in  the  dtocussions  that 
folow.  In  the  operational  use  of 
the  model,  the  requited 
environmental  data  is  received 


ngureGQg.  September  13-16, 1965 

Figure  C4.  Iceberg  #1. 19  April  1985, 0930Z.  Eat  length.129  m. 
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Table  03.  Characteristic  Length  of  Iceberg  Shes 


from  Fleet  Numerical 
Oceanography  Center  (FNOC)  in 
Monterey,  CA.  FNOC  provides 
SST  data  in  X  and  wave  heights 
in  feet.  For  consistency,  the 
foHowing  discussion  uses  the 
same  units. 

Due  to  ilPs  reconnaissance 
methods,  iceberg  iength  (not 
mass)  is  the  char^eristic  used  to 
evaluate  deterioratton.  Each  of 
the  four  sizes  of  icebergs  used  by 
IIP  is  assigned  a  characteristic 
length  based  on  our  size 
deTiniltons  (Table  C-3).  Before 
each  iceberg  is  eliminated  from 
our  list  of  active  icebergs  because 
of  deterioration,  it  is  aBowedto 
metto  175%  of  its  original  length. 
This  figure,  although  selected 
arbftrarily,  is  used  consenratively 
to  ensure  the  iceberg  has  meRed 
before  elimination.  Inorderto 
reduce  this  figure  and  still  ensure 
complete  deterioration  before  an 
iceberg  is  eliminated,  field 
measurements  of  the 
deterioration  of  three  icebergs 
were  obsenred  during  the  1985 
EVERGREEN  cnjise,  one  during 
the  first  phase  and  two  during  the 
secondphase.  Comparisonsof 
these  obsenrations  to  the 
predk:tions  of  the  deterioration 
model  are  discussed  below. 

The  two  icebergs  observed 
during  the  second  phase  of  the 
EVERGREEN  cniise  were  used 
as  targets  for  a  side-bokbig 
airborne  radar  (SLAR)  detection 
and  identification  experiment 
conducted  between  27  April  and 
5 May  1985.  Inorderforthe 
iceb^  to  be  tracked  during  the 
SLAR  experiment.  I  had  to  be 
detectable  up  to  at  least  5  nm  (9 
km)  on  EVERGREEffs  surface 
search  radar. 
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Size 

Melt  Model  I 

IIP  Definitions  Length  1 

Growler 

less  than  16  m. 

16 

Small 

greater  than  1 6  m  but  less  than  60  m 

60 

Medium 

greater  than  60  m  but  less  than  122  m 

120 

Large 

greater  than  122  m 

225 

Figure  C4.  Observed  Ve.  Model  Predicted  Iceberg  Length 


Days  Alter  InWal  MoaBurement 
lentlletnmt 
Wtnai.  Thtl 
imfpretMift 


ObMfititf  Ml  AtfoTkd _ _ _ _ _ _ _ _ _ 


Fla.C«.  Iceberg  «2  at  1000Z  28  April  1985.  Eat  length  73m. 


HguraO?.  loabarg  «3  at  2145Z  2  May  1985.  EtI  length  48m. 

FIgiiraC-8.  Obaarved  va.  FNOw  wm  aurtaoa  temperature  (S8T). 
TheriselnobservedSSTbetweenSOApflandl  Maywasdueto 
change  In  location  of  EVERGREBtl 


Iceberg  #1 

A  large  pinnacled  iceberg  wHh  an 
initial  length  and  estimated  mass 
of  about  1 50m  and  800,000 
metric  tor«  was  located  in  Lilly 
Canyon  in  position  44*^7N 
49*^^  along  the  eastern  edge 
of  the  Grand  Bank  on  1 6  April 
during  the  first  phase  of  the 
cruise  (Figure  C-4).  Subsequent 
posftion  calculations  showed  that 
this  iceberg  was  intermittently 
grounded,  never  drifting  more 
than  about  1 0  nm  from  the 
original  sighted  position.  Poor 
visi>iity  prevented  the  coBection 
of  size  data  on  16  Apri.  Dataon 
this  iceberg  were  collected  1 7-22 
April.  The  model-predicted 
waterline  length  matched  the 
observed  length  fairty  closely  until 
the  Iceberg  rolled  on  19  April 
(Figure  C-^. 

During  the  evening  of  19  AprI, 
the  iceberg  rolled,  increasing  the 
maximum  observed  waterfiiie 
from  129mto  157m.  Dueto 
continued  deterioration  on  19 
April,  part  of  the  iceberg  rose  as  it 
tilted,  allowing  the  iceberg  to 
Increase  in  length  again. 

Although  the  iceberg  increased 
in  length  between  1 7  and  22 
April,  it  was  obsenred  to  lose 
approximately  1 5%  of  its  mass 
during  the  same  period. 
Tbroi^jhout  the  observation 
period,  only  afew  minor  calving 
events  were  observed.  The 
average  wave  heigN  and  period 
were  5  feet  and  4  to  5  seconds 
andthe  SST  averaged  1 .2°C. 
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iceberg  #2 


Iceberg  #3 


A  medium  drydock  fceberg  was 
located  south  of  Flemish  Cap  in 
position  46<»1 2'N  46®1  on  27 

April  during  the  second  phase  of 
the  EVERGREEN  cruise  (Figure 
C*6).  The  initial  length  of  the 
iceberg  was  approximately  75m. 
Due  to  the  highly  irregular  shape, 
no  quantitative  estimates  of  the 
mass  were  made.  Due  to  fog,  no 
measurements  were  made  on  29 
April.  The  iceberg  was  observed 
until  30  April  when  it  no  longer 
was  an  acceptable  target  for  the 
SLAR  experiment. 

During  the  observation  period, 
there  were  no  observed  incidents 
of  iceberg  roll  over.  Major  calving 
events  were  observed  on  27  April 
andSOAptH.  TheeventofSO 
April  caused  a  considerable  loss 
of  mass.  The  model  predicted  a 
slower  deterioration  than  was 
actually  observed  (Figure  C-5). 
SST  averaged  ab(^  1  .S'O  while 
the  average  wave  height  and 
period  were  3  feet  and  4  seconds 
for  the  observation  period. 


The  last  iceberg  obsenred  during 
the  EVERGREEN  cniise  was  a 
small  drydock  iceberg  located  in 
position  45°1 2’N  48*^'W  on  1 
May  (Figure  C-7).  Theinttial 
ien^h  and  mass  were  60m  and 
35,000  metric  tons  respectively. 
Although  this  iceberg  was  never 
observed  to  have  rolled  over, 
there  were  frequent  major  calving 
events.  A  calving  between  2  and 

3  May  caused  a  rise  in  the  iceberg 
resulting  in  an  increase  in  water¬ 
line  length.  The  model  does  a  fair 
job  of  predicting  the  deterioration 
rate  until  day  4  (5  May)  when  a 
major  calving  event  significanliy 
reduced  the  size  of  the  iceberg 
(F'igureC-5).  OnSMay.theice- 
berg  calved  7  large  pieces  of  ice 
with  the  largest  being  20m  in 
length  and  having  a  mass  of 
about  4,000  metric  tons.  The 
mass  of  the  iceberg  after  ttris 
event  was  reduced  to  about 
8,000  metric  tons.  The  average 
significant  wave  height  forthe 
duration  of  the  obser-vaUons  was 

4  f  eet  with  a  5- to  6-seoond 


period.  SST  averaged  about 

Figure  C>4. 


Observed  vs.  FNOC 
Environmental  Model 
Inputs 

Comparisons  were  made 
between  the  observed  and 
FNOC  SST  and  wave  height  data. 
Six  hour  averages  before  the 
synoptic  hour  of  the  observed 
d^a  were  used  in  the 
comparisons  below.  The  FNOC 
SST  is  reasonably  close  to  the 
observed  data  (Figure  C-8).  The 
largest  difference  was  0.4°C.  The 
magnitude  of  this  difference  is 
consistent  with  past  comparisons 
(Anderson,  1963).  The  change 
in  FNOC  SST  between  30  April 
and  1  May  was  due  to 
EVERGREEN'S  change  in 
position  as  iceberg  #2 
deteriorated  substantialy  and 
iceberg  #3  was  located  (Figure  C- 
5).  The  largest  error  of  2.5*0 
occurred  during  the  obsen/ation 
of  iceberg  #3  on  1  May. 

The  highest  waves  observed 
during  the  EVERGREEN  cruise 
were  8  feet  on  1 8  April  (Figure  C- 
9).  FNOC  predicted  the  wave 
height  for  EVERGREEN'S 
poslion  on  18  Apr!  to  be  25  feet. 
The  obsenred  wave  heights 
never  were  greaterthan  one  half 
of  the  wave  height  predicteo  by 
FNOC  with  the  average  error 
being  about  10  feet.  These 
differences  between  the 
predated  and  observed  wave 
heights  are  consistent  wth 
comparisons  made  by  IIP  in 
previous  years  (Anderson,  1983). 
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Iceberg  Deterioration 
Discussion  and 
Conclusions 


Of  the  four  physical  processes 
used  in  the  iiP  modei  to  predict 
deterioration,  wave  erosion  is 
responsbie  for  the  vast  majority 
of  the  predicted  erosion.  This 
equatbn  is  dependent  on  SST, 
wave  height,  and  period.  (Calving 
of  growlers  from  an  iceberg  is  not 
directly  modelled  but  is 
deperident  on  wave  erosion.) 

The  SST  and  wave  heights 
experienced  by  the  three 
icebergs  observed  in  1985  were 
not  signiTicanlly  different. 

The  amount  of  wave-induced 
erosion  of  an  iceberg  of  a  given 
length  under  the  same 
environmental  conditbns  is 
dependent  on  the  shape  of  the 
iceberg  and  the  amount  of 
surface  area  exposed  to  wave 
actbn.  The  shape  of  an  opening, 
large  or  small,  in  an  iceberg  can 
concentrate  the  wave  energy  on 
a  small  area  creating  faster 
erosion  and  subsequent  calving. 

If  an  iceberg  has  a  large  exposed 
watertine-to-mass  ralb,  as  dki 
icebergs  #2  and  #3,  wave  erosion 
with  associated  calving  is  a  more 
effective  deterioration  force  than 
on  an  iceberg  (Ike  iceberg  #1) 
with  a  relatively  small  exposed 
wateriine-to-mass  ratb. 

The  model-predicted 
deteriorations  for  icebergs  #2  and 
#3  were  less  than  the  obsen/ed 
rate  over^  entire  obeenraibn 
period.  The  instances  where  the 
obsen/ed  icebergs  deterbraied 
much  more  rapidly  than  predicted 
by  the  model  are  ooneiated  with 
observed  calving  events  and  no 
associated  rollover  or  rise  of  the 
beberg (Figure C-5).  Themodel- 


predbted  deterioratbnfor 
iceberg  #1  was  greater  than  that 
obsenred  overthe  entire 
observatbn  period.  Iceberg  #1 
had  no  observed  major  calving 
events.  The  mabr  reason  for  the 
modePs  poor  performance  with 
iceberg  #1  was  the  increase  in 
maximum  bngth  due  to  rolbver. 
Before  the  iceberg  roUed  over, 
the  model-predicted  deterioratbn 
cbsely  matched  the  observed 
deterioratbn,  and  after  it 
stabilized  on  day  4,  the  obsenred 
deterioratbn  again  cbsely 
matched  the  model-precficted 
deterioratbn. 

Under  operational  conditions,  the 
required  environmental  data  for 
the  deterioratbn  model  are 
suppfiedbyFNOC.  Ontheirown, 
the  observed  errors  in  the  wave 
height  data  wouU  increase  the 
modeled  deterioratbn  rate 
significantly.  Part  of  ttiis  increase 
b,  however,  offset  by  the 
increased  period  of  the  bigger 
waves.  (Wave  height  bin 
numerator  wNb  wave  period  b  in 
the  denominator  of  the  wave 
erosbn  equatbn  (Anderson, 
1983).)  During  the  largest  error  in 
FNOC  wave  height  (17  feet),  the 
deterioratbn  rate  would  have 
been  increased  by  about  25 
percent. 

Given  accurate  environmental 
data,  the  beberg  predbtbn 
model  used  by  IIP  predicts  the 
deterioration  reasonably  wel. 
Because  of  errors  irMroduced  by 
our  present  methods  of  operation 
(FNOC  data  errors  and  SLAB 
sizing  errors),  IIP  wb  continue  te 
conservative  approa^  and  wH 


require  that  an  iceberg 
deteriorate175%of  its  original 
length  before  it  b  eliminated. 
Future  IIP  crubes  will  continue  to 
gather  iceberg  drift  and 
deterioration  data  to  further 
evabate  the  performance  of  the 
modeb. 
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Appendix  D 


An  Evaluation  of  the  International  Ice 


Patrol  Drift  Model 

D.  L.  Murphy 

LT I.  Anderson,  USCG 

Introduction 

Since  1979,  International 
Ice  Patrol  (IIP)  has  been  using  an 
iceberg  drift  model  as  an  integral 
part  of  its  iceberg  tracking 
operations.  During  the  season  of 
maximun  iceberg  threat,  typically 
March  through  August,  IIP 
conducts  aerial  reconnaissance 
of  its  operattons  area  (40^  -  52^, 

39®  -  57®W)  on  alternate  weeks. 
During  the  week  that  the  IIP  Ice 
Reconnaissance  Detachment 
(ICERECDET)  is  deployed  to 
Gander,  Newfoundland  (IIP  field 
operations  base),  daily  flights  are 
conducted  on  five  consecutive 
days,  each  covering  only  a  smal 
portion  of  the  IIP  operations  area. 

As  a  result  of  this  reconnaissance 
schedule,  IIP  must  often  rely  on 
the  model  predictions  to  set  the 
limits  of  iceberg  danger  during 
periods  when  no  ice 
reconnaissance  is  being 
conducted.  In  addition,  the 
model  drift  predictions  are  used 
to  help  recognize  icebergs  that 
have  been  previously  sighted, 
either  by  the  ICERECDET  or 
merchant  vessels.  Lacking  thte 
ability  to  recognize  iceberg 
resights  has  the  ^ect  of  inflating 
the  numbers  of  icebergs  south  of 
48°N,  the  traditional  indicator  of 
the  severity  of  an  iceberg  season. 

Despite  the  relance  that 
IIP  places  on  the  accuracy  of  the 
drift  model  results,  relat^ely  Wtle 
testing  of  the  model  has  been 
possbie,  primarfiy  because 
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adequate  iceberg  drift  data,  with 
accompanying  enwronmentai 
data,  are  expensive  and  often 
difficult  to  obtain.  Moreover,  only 
in  the  last  few  years  has 
navigation  in  the  operations  area 
been  accurate  and  reliable 
enough  to  permft  the  oolection  of 
good  data. 

Mountain  (1980)  tested 
the  model  using  the  tracks  of  two 
large  tabular  icebergs,  a  large 
pinnacle  iceberg,  and  a  fieely- 
drifting  satelite-tracked  buoy. 

The  drift  durations  were  from  3  to 
?5  days.  The  results  were  quite 
variable,  ranging  from  a  small  9km 
error  forthe  3<lay  drift  to  a 
constant  90-1 50km  drift  error  in 
the  25-day  case.  Although  he 
recognizes  the  limKations  of  this 
smal  data  set,  he  suggests  that 
the  primary  cause  of  the  model 
error  is  due  to  inaccurate  inputs, 
i.e.,  winds  and  currents. 

This  report  describes  the 
results  of  four  case  studtes  in 
which  the  performance  of  the  IIP 
iceberg  drift  model  was  examined 
at  four  (ffferent  locations  (Figure 
D-1)  in  the  IIP  operations  area. 
The  objectives  were  twofold: 
first,  to  test  the  accuracy  of  the 
drift  predictions  of  the  operational 
IIP  iceberg  drift  model,  and 
second,  to  investigate  how  the 
accuracy  changes  eben  on¬ 
scene  measur^  wind  and 
current  data  are  used  to  drive  the 
model. 


Model  Description 

Mountain  (1 980)  descrbes 
the  details  of  the  IIP  operational 
drift  model;  thus,  only  a  brief 
outline  is  presented  here.  The 
fundamental  model  balance  is 
between  ceberg  acceleration,  air 
and  water  drag,  the  Coriolis 
acceieration  arid  a  sea  surface 
slope  term.  The  resulting 
differential  equations  are  solved 
using  a  fourth-order  Runge-Kutta 
algorithm.  The  model  is  driven  by 
a  water  current  which  combines  a 
depth-  and  time-independent 
geostrophic  flow  with  a  depth- 
and  time-dependent  current 
driven  the  local  wind  (time- 

dependent  Ekmanflow). 

When  used  operationally, 
the  IIP  drift  model  employs  a 
mean  geostrophic  current  field 
based  on  many  years  of 
hydrographic  sunreys  (Scobie 
and  Schultz,  1976).  It  is  on  a  grid 
of  20  minutes  of  latitude  by  20 
minutes  of  longlude,  exc^  for 
the  Labrador  Current,  which  is 
defined  on  a  more  detailed  grid  of 
10  minutes  of  longitude.  Wind 
data,  on  a  1  degree  of  latitude  by 
2  degrees  of  longitude  grid,  are 
provided  to  the  model  every  1 2 
hours  from  the  surface-wind 
analysis  of  the  U.  S.  Navy  Fleet 
Numerical  Oceanography  Center 
(FNOC). 

Finally,  the  model  requires 
as  foput  the  mass  and  cross- 
sectional  area  of  the  drtfting 
iceberg.  Obviously,  IIP 
recormaissanoe  operations  do 
not  permi  precise  measurement 
of  each  detected  iceberg.  Often, 
IIP  locales  icebergs  using  the 
side-looking  airborne  racfor 


(SLAB)  with  no  visual 
confirmation.  As  a  result,  IIP  can 
only  classify  icebergs  into  the 
broad  categories  of  growler, 
small,  medium,  and  large,  and 
assume  characteristic  mass  and 
cross-sectionai  areas  for  each 
category.  When  visual 
oonf  irmatton  is  available,  it  is 
possible  to  distinguish  between 
tabular  and  non-tsybular  icebergs, 
resulting  in  somewhat  different 
mass  and  cross-sectional  areas. 
Regardless  of  the  size  and  shape 
of  the  iceberg,  both  the  air  and 
water  drag  coefficients  are  set  to 
1.5. 


Currently.  HP  estimates 
that  the  model  drift  error  is  lOnm 
(~18.5km)  fortfie  first  24-hour 
period  and  an  adrftional  5nm 
(~9km)  for  each  additional  24 
hours  of  drift,  up  to  a  maximum 
error  of  30nm(~56km).  The 
accuracy  of  this  error  estimate  is 
evahjat^  in  this  report. 

In  1 983  IIP  began  using 
obsenred-current  data  derived 
from  the  trajectories  of  freely- 
drifting  satellite-tracked  bu(^  to 
modify  the  mean  geostrophic 
field  (Summy  and  Anderson, 


1983)  (kjringoperattonal  model 
njns.  The  rnodifications  are  both 
temporary  and  localized  in  that 
they  are  or^  applicable  during 
the  period  that  a  buoy  is  in  that 
specific  region,  after  which  the 
cuaents  revert  back  to  the  mean 
geostrophb  currents.  It  is  not  the 
intentof  the  present  report  to 
address  this  practice  directly,  but 
rather  to  connpare  the  drift-model 
accuracy  using  two  sets  of  input 
data:  mean  geostrophic  data  with 
FNCX)  wind  and  orvsoene 
measured  data.  In  doing  so,  the 
importance  of  using  on-scene 
data  becomes  dear. 


RguieD-1.  Area  of  Study 
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Figure  D-2.  Iceberg  and  TOD  tiajectoriee  for  Caee  I  (1983) 


Data  Description 

The  data  used  in  this  study 
were  collected  from  1983 
through  1985.  Al  of  the  cases 
were  drite  of  short  duration,  with 
a  maximum  drift  period  of  4.5 
days.  In  all  fourcases,  the  drifting 
iceberg  was  close  to  at  least  one 
freely-drifting  Tl  ROS 
Oceanographic  Drifter  (TOD), 
from  which  local  currents  were 
determhed.  The  TOD  hull  was  a 
3m  spar  and  was  fitted  with  a  2m  x 
1 0m  window-shade  drogue  at  the 
endofatether.  Thedrogue 
depths  presented  here  refer  to 
the  depth  of  the  center  of  the 
drogue.  The  TOD'S  were  tracked 
by  the  NOAA/TIROS  series 
satelites  and  the  data  provided  to 
IIP  by  Service  ARGOS,  wlh  a 
poslion  accuracy  well  witNn 
500m  (Bessis,  1981). 

In  three  of  the  cases  (II,  III, 
and  IV).  a  surface  vessel  near  the 
iceberg  was  collecting  local  wind 
data.  The  data  for  each  case  are 
discussed  separately.  The 
numbers  in  parentheses  after 
each  date  are  Julian  year  dates, 
that  is,  dates  numbered 
sequentkrilyfrom  1  January. 

Casel 

This  case  consists  of  a  2.5- 
day  drift  of  a  large  tabular  iceberg 
with  a  TIROS  Arctic  Drifter  (TAD) 
aboard.  The  TAD.  which  la 
esaentiaRy  a  TOD  wkh  different 
packaging,  had  been  deployed 
onto  the  iceberg  on  27  March 
1963  (86)  by  IIP.  in  cooperation 
wW)  the  U.  S.  Coast  (jkrard 
Research  and  Development 
Center  (R&DC). 


The  test  period  began  at 
1600Zon12May1983(132) 
when  a  TOD.  drogued  at  38m, 
was  air-deployed  from  a  HC-130 
aircraft  at  a  location  approximately 
1  km  from  the  iceberg,  which  at 
the  time  was  moving  southward  in 
the  Labrador  Current  (Figure  D- 
2). 

The  teat  period  ended  on 
15  May  (136)  shortly  before  the 
iceberg  gtoutxied  for  a  4-day 
period.  Tfte  Iceberg  was  last 


sighted  wlh  the  TAD  aboard  on 
21  May  (141)  by  MobH  OH 
Corrpany,  Canada  (Anderson, 
1983).  On  this  date  the  iceberg 
was  ^  classified  as  large,  with 
estimated  dknensions  of 
150mx110mx30m.  During  the 
test  period,  the  maximum 
separation  between  the  TAD 
(iceberg)  and  the  TOD  was  less 
than25km.  Noon-soenewind 
data  were  avalable. 
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Hgure  D-3.  Iceberg  and  TOO  trajectories  for  Case  it  (1984) 


Case  II 

This  case  is  a  4.5-day 
segment  of  an  iceberg  track 
obtained  in  1984  by  USCGC 
HORNBEAM.  The  test  period 
began  17  July  (199)at1300Z 
when  HORNBEAM  deployed  a 
TOD  drogued  at  38m 
approximately  500m  from  a 
medum  (120mx1 15mx37rn) 
pinnacle  iceberg  in  the  region 
north  of  Flemish  Cap.  Altfiough 
the  iceberg  was  rapidly 
deteriorating,  it  was  in  the 
medhjm  size  range  (>60m)  for 
most  of  the  drift  period.  Onlyin 
the  last  24-30  hours  of  drift  was 
at  or  sightly  below  the 
medkjnVsrnall  border.  Hourly 
iceberg  positions  were  recorded 
uskig  radar  ranges  and  bearings 
and  the  HORNBEAM'S  LORAN  C 
position  (Figure  D-3).  Hourly  wind 
speed  and  direction  were 
measured  using  the  shjpboard 
anemometer  (Figure  D-4).  The 
maximum  separation  between  the 
iceberg  and  the  TOD  was  less 
than25loa 


Casein 

was  deteriorating  but  only  on  the 
The  third  case  is  a  3.5-day  last  day  of  drift  did  it  fall  into  the 

[27 -30  April  1985(1 17-1 20)]  upper  part  of  the  small  range, 

track  of  a  medium  Again,  hourly  iceberg  position 

(75mx56mx1 8m)  drydock  iceberg  (Figure  D-5)  and  wirid  data  (Figure 
south  of  Flemish  Pass  obtained  D-6)  were  collected  using 

by  USCGC  EVERGREEN.  Over  shipboard  radar  and  anemometer, 
the  drift  period,  the  target  iceberg  respectively. 


Figure  D-4.  Hourly  wind  vectors  for  Casa  H 


71 


Two  TOD'S  provided  the 
current  data.  They  were 
deployed,  one  (frr^ued  at  38m 
and  the  other  at  58m.  300m  from 
the  iceberg  on  27  Apti  (1 17). 
Approximately  halfway  through 
the  drM  period,  both  buoys  were 
retrieved  and  redeployed  dose  to 
the  iceberg  to  minimize  the 
separation  between  the  iceberg 
and  the  TOD'S.  Upon 
redeployment,  the  drogue  at  38m 
wassetto8m.  Themaximum 
separation  between  the  iceberg 
and  the  TODs,  which  occurred 
during  the  first  part  of  the  drift 
period,  was  approximately  35km. 


CaaeiV 

A4<laydrift[1-5May 
1985(121-125)lofasmall 
(60mx40mx1  Om)  drydock  iceberg 
provides  the  data  for  Case  IV.  As 
in  Case  til.  the  area  of  study  was 
south  of  Flerdsh  Pass,  and 
EVERGREEN  tracked  the  target 
(Figure  D-7)  and  r^itainedthe 
wind  data  (Figure  D-8).  Two 
TOD'S,  one  drogued  at  8m  and 
the  other  at  58m,  were  deployed 
on  1  May  (121);  they  were 
retrieved  and  redepbyed  atthe 
iceberg  on  4  May  (124).  The 
maximum  sepai^n  between  the 
iceberg  and  the  TODs  was 
approximately  30km.  On  the  last 
day  of  the  experimert,  there  was 
a  major  caM^  event  that  left  two 
smal icebergs.  Atthistimethe 
parent  (larger)  iceberg  had  a 
maximum  waterline  length  of 
37m. 


Test  Runs 

Table  D1  summarizes  the 
mns  made  during  the  model 
tests.  For  each  case,  the  first  run 
used  the  mean  surface 
geostroph'ic  current  field  from  the 
IIP  data  base  and  wind  data  from 
FNOC.  This  set  of  inputs  is 
referred  to  as  system  currents 
and  system  winds.  The  remaining 
mns  for  each  case  dHfered  from 
the  first  mn  only  in  that  avaBable 
on-scene  environmental  data 
(observed)  were  used  to  drive  the 
model. 

The  observed  currents 
were  obtained  fromthe  TOD 
trajectories  by  linearly 
interpolating  to  posRions  at 
OOOOZ  and  1 200Z  each  day,  and 
then  calculating  the  12-hour 
averaged  current.  Whenwind 
data  were  avaiable.  1 2-hour 
averages  were  computed  for  use 
inthemodel.  Whennoobsenred 
wind  data  were  avaiable,  FNCX^ 
data  were  employed. 

For  each  run.  the  rrxxfel 
computed  a  predicted  iceberg 
posMon  at  OOOOZ  and  1 200Z  on 
eachdate.  The  range  and 
bearing  fromthe  actual  to  the 
predated  iceberg  posMon  were 
computed  for  these  times. 


Table  D^l.  Model  Teat  Rune  Summary 

Ruii  InpiSs 

Case  Size  Number  Winds  Currents 


1 

Large 

1 

SYS 

SYS 

1 

Large 

2 

SYS 

OBS 

(38m) 

II 

Medium 

1 

SYS 

SYS 

11 

Medium 

2 

OBS 

OBS 

(38m) 

III 

Medium 

1 

SYS 

SYS 

IH 

Medium 

2 

OBS 

OBS 

(38m/8m) 

III 

Medium 

3 

OBS 

OBS 

(S8m) 

IV 

Smal 

1 

SYS 

SYS 

• 

IV 

Smal 

2 

OBS 

OBS 

(8m) 

IV 

Smal 

3 

OBS 

OBS 

(58m) 

Summary  of  the  test  nms.  SYS^aystem,  OBS^ibsenred.The  numbers  in 
parentheses  indicale  the  depth  of  the  drogue  center. 

*  Note:  The  observed  currents  for  this  case  were  a  oombinslion  of  data 
from  buoys  drogued  at  diffareni  depths:  38m  for  the  first  hal  of 
the  period  and  8m  for  the  second  half. 
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Figure  D>5.  iceberg  and  TOD  trajectories  for  Case  III 


Results 

Figures  D-9  through  D-12 
show  the  magnitude  of  the  drift 
errors  as  a  function  of  elapsed 
time  for  each  of  the  four  cases. 
The  IIP  error  estimate  of  lOnmfor 
the  first  24-hour  period  and  an 
additbnal  5nm  for  each  addftional 
24-hours  of  drSt,  up  to  a  maximum 
error  of  30nm,  is  also  plotted. 

in  Case  I  (Figure  D-9),  the 
system  inputs  result  in  drXt  errors 
that  increase  rapidly  and 
persistently;  after  approximately 
2.5  days  th^  exceed  40nm 
(~75km).  The  magnitude  of  this 
error  is  52%  of  the  total  predicted 
drift.  When  obsenred  currents 
drive  the  model,  the  errors  are 
substantiaBy  reduced  so  that  they 
are  nearly  consistent  with  the 
currentlyHJsed  IIP  error  estimate. 
In  Case  I,  both  the  iceberg  and 
the  buoy  were  in  the  southward- 
flowing  Labrador  Current  wth 
typical  currer4  speeds  of  0.4-0.5 
iWs. 


In  Case  II  (Figure  D-10),the 
errors  for  the  systenVsystem  nin 
were  less  than  12nm  (~22km)  or 
22%  of  the  t^  predicted  drift  for 
the  entire  104-hour  drift  period, 
wen  below  the  IIP  error  estimate. 
Using  observed  current  and  wind 
(fota  improves  the  resuNs;  after 
104  hours  the  error  is  2.5nm 
(~4.6km).  Thedrtttestwas 
conducted  north  of  Flemish  Cap 
with  typical  current  speeds  of  0.2 
n^,  approximately  half  that 
obsenredinCasel. 


Figure  D^.  Hourly  wind  vectors  for  Case  III 


The  Case  ill  system/system 
run  (Figure  D-11)  produced  errors 
that  irtcreased  per^ently, 
exoeedng  the  IIP  error  estimate 
after  about  36  hours  of  drift.  At 
the  end  of  the  drift  period,  the 
error  was  over  30nm  (~56km), 
which  te  73%  of  the  to^ 
predicted  drift.  Intheeariypartof 
the  drift  period  (<48hrs.),  the  use 
of  the  obsenred  current  and  wind 
data  produced  no  improvement  in 
the  resuls;  indeed,  at  one  point, 
the  resutewera  less  accurate 
than  the  systenVsystem  case. 

This  result  is  not  surprising 
because  the  iceberg  moved 
rapidly  to  the  north  while  both 
buoys  remained  dose  to  the 
deptoymentarea.  Whenthe 
buoys  were  retrieved  and 
red^)loyed  atthe  iceberg  (~60 
hrs.),  the  model  results  computed 
usk^  observed  data  improved 
somewhat. 

I 

Using  the  obsenred  datato 
drive  the  model  in  Case  IV  (Figure 
D-12)  made  an  enormous 
improvement  in  the  results.  The 
sydenVsystem  nm  produced 
enor8belween3(M5nm(~56- 
83km)  whie,  for  the  observed 
data,  the  errors  were 
approximately  half  those  values. 
For  most  of  the  drit  period,  the 
currents  measured  at  S8m 
provided  more  accurate  model 
resuks  than  those  measured  at 
8ra  At  84  hours  this  sNualion 
reversed,  and  the  8m  data 
produced  belter  results.  Thisis 
an  expected  result  because  as 
this  smal  iceberg  deteriorated.  Ns 
motion  should  have  been  more 
consistenl  wkh  the  8m  aments 


than  the  58m  currertis.  However, 
the  data  are  few  and  the 
difference  between  the  results 
(8m  vs.  58m)  is  small  so  there  is 
no  certainty  that  the  reversal  is 
meanin(^. 

Conclusions 

No  Ann  conclusions  can  be 
drawn  from  this  smy  data  set,  but 
there  is  some  consistency  in  the 
resuks  that  is  worthy  of  note. 

In  al  four  cases,  using  on¬ 
scene  measured  data  impro^ 
the  model  accuracy  over  the  runs 
made  using  geostrophic  currents 
and FNCX) winds.  Theaocuracy 
improvement  was  subtfantial  in 
twocases;  Case  I  and  Case  IV. 


Thus,  the  results  of  this  study 
support  the  IIP  practice  of  using 
TOD  drift  data  to  modky  the 
geostrophic  current.  The  more 
widespread  the  use  of  TOD's,  the 
more  we  can  rely  on  the  model 
resuks.  No  attempt  was  made  to 
separate  the  improvements  due 
to  orvscene  current  data  and  on¬ 
scene  wind  data  because  of  the 
smaH  amount  of  data.  However, 
Case  I,  for  which  there  were  no  orv 
scene  wind  data,  showed 
considerabie  improvement  when 
on-scene  current  data  were  used 
in  the  model  predictions. 

In  three  of  the  four  cases 
(Case  II  excepted),  the  obsenred 
drift  error  was  larger  than  the  IIP 
estimated  error  when  ttre  system 


Figure  I>>7.  Iceberg  and  TOD  trajectorlM  for  Case  IV 


winds  and  currents  were  used. 
For  these  three  cases,  the  drift 
errors  were  52-73%  of  the  total 
predated  drift;  for  Case  II  the  drft 
error  was  22%  of  the  total 
predteteddrift.  While  I  is 
teinpting  to  suggest  that  the 
estknated  pos^  error  be  inked 
to  the  total  length  of  the 
predated  drift  (dtetanoe  along  the 
predctedpath),  no  dear 
guidance  can  be  given  based  on 
these resuls.  Theimfteddata 
show  that  tf  there  is  a  TOD 
providing  current  information  in 
the  vicinity  of  a  drifting  iceberg, 
the  model  wM  probably  produce 
positions  that  are  wKhin  the  IIP 
errorlmils.  Konlygeosttophic 
data  are  avaUable,  the  errors  can 


be  substantiany  larger,  even  kx 
drifts  of  short  dura^.  Thisissue 
to  particuiarty  importarSwhen  an 
iceberg  is  being  used  to  set  the 
Hmits  of  iceberg  threat. 

The  importance  of 
ooNecting  current  data  as  dose  as 
possbie  to  the  tradwd  iceberg 
cannot  be  overemphasized. 

Early  in  Case  III,  when  the  TODs 
and  the  iceberg  separated 
rapidy,  there  was  no 
improvement  in  the  model  errors 
when  observed  inputs  were 
entered.  Later  inthedift  period 
(aftsrthe  buoys  were 
redeployed),  the  model  errors 
were  smaller  when  the  obeenred 
data  were  used. 


Finally ,  the  results  of  this 
study  provide  some  guidance  on 
the  deployment  of  IIP  operational 
TODs.  Althou{^  TOD  drift  data 
directly  north  of  Flemish  Cap  are 
usehji,  the  results  of  Case  II 
showed  that  the  model 
performed  within  the  error 
estimates  using  the  geostrophic 
currents.  The  TOC’s  deployed  in 
the  Labrador  Current  (Case  I)  and 
south  of  Flemish  Pass(Cases  III 
and  IV),  on  the  other  hand, 
provfcM  bigger  payoffs. 
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Figure  D-12.  Case  IV 
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Appendix  E 


An  Analysis  of  Eddy  Formation  in  the 
Vicinity  of  the  Grand  Banks  of 

Newfoundland 

LT  F.  J.  Williams,  USCG 
D.  L.  Murphy 


Introduction 


Eddy  Population 


The  Intematbnal  Ice  Patrol 
conducted  a  study  of  the  eddy 
population  in  the 
Newfoundland  Basin  region 
based  on  data  from  the  period 
from  November  1981  to 
December  1984 to 
investigate  the  importance 
and  basic  character  of  eddy 
motion  in  the  southern 
portion  (40^  -  45°N  and 
40®W  -  55®W)  of  our  patrol 
area.  This  area  (Figure  E-1) 
contains  the  confluence  of 
three  surface  currents  and  is 
bathymetricaliy  dominated 
by  the  Grand  Banks  of 
f4wfoundland,the 
Newfoundland  Seamount 
Range  and  the  Newfoundland 
Ridge. 

Asimlarstudywas 
conducted  by  Voorheis, 
Aagaard  and  Coachman  in 
1973.  They  researched 
hydrographic  data  collected 
during  IIP  cruises  in  an 
attenipt  to  establish  an  eddy 
population.  The  present 
sbidy  encompa^es  a  larger 
geographic  area  and  also 
introduces  Mrared  (IR) 
imagery.  Voorheis,  etal. 
looked  for  eddtes  in 
hydrographic  data  along 
standard  IIP  traneeclB.  The 
present  study  uses  data 
collection  spklficaly 
designed  fo  locate  eddtes. 


Ocean  frontal  ana^sis  charts 
maintained  by  Nationai 
Weather  Sennce  (NWS)  and 
Naval  Eastern  Oceanographic 
Center  (NEOC) ,  and  Canadian 
Forces  METOC  Center  sea 
surface  temperature  data 
fonned  the  data  base  for  the 
investigation.  Analysts 
produce  these  charts  from 
satellite  IR  imagery  gathered 
predominantly  from  the  GOES 
and  NOAA  6  and  9  satellSes. 
The  research  area  is 
dominated  by  doud  and  fog 
cover  and  so  does  not  always 
present  ideal  oondKions  for 
use  of  IR  imagery,  but  these 
charts  represent  the  only 
complete  data  set  dteplaying 
eddtes.  An  explanation  of  the 
methodology  is  (^en  in 
Wiliams  (1985).  Data 
analyzed  include  the  number 
of  eddtes  in  the  area,  their 
average  ife  span  and  size, 
theareaoffonnation, 
generation  and  deterioration 
patterns,  and  their  movement 
through  the  area.  Eddies 
included  in  the  study  are  only 
those  in  the  southern  portion 
of  the  area  that  had  an  IR 
signature.  Other  edcfles  may 
affect  the  operations  area, 
but  are  not  included. 


Eighty-five  percent  of  the 
time  at  least  one  eddy  was 
active  in  the  research  area, 
and  on  several  occasions  two 
or  rTK>re  were  present.  During 
the  38  months  of  the 
experimerYtthe  NWSand  NEOC 
charts  indicated  46  eddies  in 
the  area.  The  life  of  the 
eddies  ranged  from  two  to 
218  days  with  an  average 
He  span  of  42  days. 

Voorheis,  etaL  (1973), 
indicates  an  average  life 
span  of  30  to  1 20  days. 

Areas  of  Fonnatlon 

The  positions  of  fonnation  of 
the  eddies  as  shown  in  Figure 
E-2  indicate  that  they 
fonned  in  two  major  areas; 
overthe  Newfourxfland  RkJge 
and  overthe  Newfoundland 
Seamount  Range.  Ofthe46 
observed  eddies,  12  (26%) 
were  first  sighted  directly 
overthe  Newfoundland 
Seamount  Range  and  34  (74%) 
were  first  sighted  west  of 
the  Newfoundtend  Ridge. 

These  areas  are  both 
dominated  by  large, 
relatively  sfurifow 
bathymetric  features. 

Hup^  and  Bryan  (1976) 
have  demonstrated  that  the 
AilanifB  II  Seamounts  are 
Instnjmentalfoeddy 


Figure  E-1 .  The  research  area,  showing  major  ocean  currents  and 
bathymetry 
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formation.  Voorheisefa/. 
(1973)  suggest  eddies  in  the 
Newfoundland  Basin  are 
bathymetrically  generated. 
The  formation  of  eddies  in 
this  study  near  the 
bathymetric  features  support 
the  theory  that  interaction  of 
the  ocean  currents  with  the 
topography  of  the  Seamounts 
or  the  Ridge  is  important  to 
eddy  generation.  Figure  E-2 
indicates  that  except  for 
these  two  regions  the 
remainder  of  the  area 
appears  to  be  relativefy  eddy 
free. 


Generation  and 
Deterioration 

IR  signatures  indicate  that 
twenty-one  of  the  eddies 
(46%)  formed  from  pinched- 
off  meanders,  eight  (17%) 
from  interactions  between 
currents.  Seventeen  eddies 
(37%)  had  no  identif  iable 
source,  it  is  possible  that 
the  doud  cover  hid  the 
meander  from  which  the  eddy 
formed  and  that  by  the  time 
visibility  improved,  the  eddy 
wasinpla(»andthe 
generative  process  was 
unobserved.  Seven  of  these 
eddies  were  in  the  Seamount 
area  and  ten  were  near  the 
Ridge. 


Translation  Through  the 
Area 

Twenty-one  eddies  showed  a 
net  westward  drift 
throughout  their  lives.  Only 
three  displayed  a  net 
eastward  drift.  The 
remaining  22  showed  no  net 
drift. 

Of  the  22  showing  no  net 
drift,  18  had  a  fully- 
observed  nfe  span  of  fifteen 
days  or  less  and  so  may  not 
have  had  the  opportunity  to 
drift  at  all.  Three  were  seen 
in  periods  of  heavy  clouds 
arid  so  were  carri^  in  the 
original  reported  position  for 
a  month  and  deleted  from  the 
NWS  charts.  The  other  four 
showing  no  net  drift  display 
an  osdilatory  drift,  both 
east  and  west  alternately. 

This  motion  is  also  displayed 
by  many  of  the  longer-lived 
eddies  that  show  definite 
westward  net  drift.  The 
motion  may  be  explained  by 
positioning  errors  due  to  the 
analysis  of  the  satellite 
data. 

These  same  factors  may  have 
inf  kjended  the  three  eddies 
that  displayed  a  net 
eastward  drift.  Joyce 
(1984),  working  in  an  area 
bounds  by  40*1^  -  45*tl  and 
55®W  -  (immediately  to 

the  west  of  this  study  area), 
deiTX>nstrated  that  eddies 
interacting  with  the  GuK 
Stream  display  a 
predominantly  westward 
drift.  The  present  study 
shows  similar  results 
because  of  the  21  eddies 
showing  westward  drift,  1 2 
interacted  wHh  the  North 
Atlantic  Current  (NAC)  during 
their  life  spans.  Ofthethree 
that  drifted  east,  one  showed 
no  interaction  with  the 
parent  current.  Interactions 
wlh  the  NAC  then  could  not 
have  caused  the  net  eastward 
drift  of  the  eddies. 
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predominantly  westward  drift. 

The  present  study  shows  similar 
results  because  of  the  21  eddies 
showing  westward  drift,  1 2 
interacted  wKh  the  North  Atlantic 
Current  (NAC)  during  their  life 
spans.  Of  the  three  that  drifted 
east,  one  showed  no  interaction 
with  the  parent  current. 
Interactions  with  the  NAC  then 
could  not  have  caused  the  net 
eastward  drift  of  the  eddies. 

Eddy  Size 

The  eddies  varied  in  shape 
from  roughly  circular  to  elongated 
ellipses  and  many  had  irregular 
circumferences.  To  estimate  the 
average  size,  all  eddies  were 
assurned  to  be  of  circular  form  of 
diameter  equal  to  the  average  of 
the  major  a^  minor  axes.  The 
mean  characteristics  are  shown  in 
Table  E-1. 

Comparison  of  Eddy 
Characteristics  in  Two 
Areas 

The  following  discussion 
centers  on  whether  or  not  the 
area  of  formation  had  any  effect 
on  eddy  characteristics. 

The  duration  of  eddies 
over  the  Seamounts  ranged  from 
six  to  1 1 5  days  with  an  average 
duration  of  46  days.  Thesame 
statistics  for  the  34  eddies  formed 
nearthe  Ridge  show  a  range  of 
two  to  218  days  with  an  average 
of  41  days.  Thesefigures 
indicate  that  the  area  of  formatton 
has  no  signHicant  effect  on  the 


Figure  E*2.  Initial  reported  positions  of  eddies  in  this  study. 

Symbols  indicate  the  source(s)  of  each  eddy  report,  numbers  indicate 
sequence  of  formatton. 


life  span  of  the  eddy.  In  general, 
eddies  in  this  area  have  a  shorter 
life  span  than  the  two  to  three 
year  spans  reported  by  Joyce 
(1984),  Richardson  (1980)  and 
Richardson  (1983)  in  other  areas 
of  the  Gulf  Stream  ^tem. 

The  area  of  the 

Seamounts  showed  eddy  activity 
63%  of  the  time;  the  Ridge,  69% 
of  the  time.  Both  areas  have 
equal  potential  for  eddy  activKy. 


The  areas  of  formation 
shows  no  apparent  affect  on  the 
migratton  of  the  eddy  through  the 
area.  The  eddies  that  formed 
over  the  Seamounts  showed  a 
westward  migration  in  six  of 
twelve  edcfies  while  five  showed 
no  significant  migralion.  The 
remaining  eddy  showed  eastward 
migration.  TTx^  formed  in 
conjunction  with  the  Ridge 
topography  showed  westward 
migration  in  1 6  of  34  eddies  and 


was  cold  core.  Eight  cold  core 
eddies  formed  in  the  area  of  the 
Ridge.  There  are  two  possible 
explanations  for  this:  either  the 
cold-core  eddies  fomi  more  as  an 
interaction  with  the  NAC  in  the 
Newfoundland  Ridge/Tail  of  the 
Bank  area,  orthey  drifted 
southeast  out  of  the  Searrount 
area  hidden  by  cloud  cover 
before  they  were  reported. 

A  much  higher  percentage  of 
Seamount  eddies  had  an 
unidentified  generation 
mechanism.  Seven  out  of  twelve 
or  58%  had  an  unknown  source 
of  origin  as  corrpared  with  ten  out 
of  34  or  23%  of  the  Ridge  eddies. 

Labrador  Currant  Eddies 

Perhaps  one  of  the  most 
interesting  resuKsofthte  study  is 
the  location  of  five  cold-core 
eddies  in  the  area  north  of  the 
Gulf  ^am  in  the  normal  domain 
of  warm-core  NAC  eddes.  A 
possible  explanation  for  the 
presence  of  these  eddies  is  the 
Labrador  Current.  Nostudes 
have  been  oondjcted  on  the 
generation  of  eddies  by  this 
current,  but  Hayes  and  Robe 
(1978)  showed  that  the  Labrador 
Current  extends  to  the  bottom 
and  that  the  flow  is  variable  and 
quite  often  influenced  by  the 
poslionoftheNAC.  Hwemake 
the  assumption  that  the  bottom 
features  rnay  cause  the 
bVutcation  noted  InthecurrenTs 
flow,  it  is  reasoreA)le  to  assume 
the  varied  bathymetry  can  also 
cause  meander  and  eddjy 
generation  in  much  the  same  way 


as  it  does  in  the  NAC.  Research 
dedicated  to  the  generation  of 
eddes  by  the  Labrador  Current  is 
necessary. 

Conciueione 

For  the  three-year  period,  this 
study  evaluated  data  from  several 
different  sources  and  identified  a 
total  of  46  eddies  in  the  research 
area.  The  research  area  was  eddy 
free  only  1 5%  of  the  study 
period.  This  deariyindcsrtes  that 
eddies  are  frequently  in  the  area 
and  that  they  are  im^rtantto  the 
dynamics  of  the  area.  The  eddies 
were  concentrated  near  the 
Newfoundland  Seamount  Range 
and  the  Newfoundland  Ridge. 
Except  for  these  two  areas,  the 
research  area  showed  no  sign  of 
eddy  activity.  This  distrftxjtton 
suggests  that  the  topography 
features  had  influence  on  the 
formation  of  the  eddies.  This 
indk^tes  that,  at  least  in  some 
areas,  the  NAC  is  influenced  by 
the  bcrttom  in  the  Newfoundlarid 
Basin  area. 

The  study  also  suggests  that  the 
Labrador  Current  is  capable  of 
generating  eddies.  Fivecold- 
core  eddies  were  found  in  an  area 
where  they  could  not  have  been 
generated  by  the  NAC. 

Kollmeyer.  ef  af.  (1965) 
documented  the  existence  of  a 
cokJ-core  eddy  spawned  by  the 
Labrador  Current  and  recognized 
Ns  importance  as  a  ook)  trap  for 
icebergs.  However,  no 
systematic  study  of  Labrador 
Current  oold-oore  eddes  has  yet 


been  conducted,  fhisisa 
subject  that  requires  further 
investigation. 

/In  their  movement,  the  eddies 
followed  the  pattern  predicted  by 
Joyce  (1984)  and  drifted 
pr^minantlytothewest.  This 
was  true  even  for  those  eddies 
that  showed  a  considerable 
interaction  with  the  eastward¬ 
flowing  NAC.  The  most  common 
method  of  fonnation  was  pinched- 
off  meanders.  Absorption  back 
into  the  parent  current  by  similar 
meanders  was  the  most  common 
method  of  deterioration. 

The  area  of  formation  had:<o 
apparent  effect  on  the 
characteristics  of  the  eddies. 
Those  formed  over  the 
Seamounts  dsplayed  features 
similarto  those  formed  over  the 
Ridge.  All  were  of  equivalent 
size  and  duration. 

The  study  indicates  that  the 
average  eddy  in  the  southern  IIP 
operations  area  will  be  a  warm 
core  eddy  approximately  1 16  km 
in  diameter.  It  will  form  over  the 
Seamounts  or  over  the  Ridge, 
normaRy  from  a  pinched-off 
meander,  and  will  migrate  to  the 
west  after  formation.  It  will  remain 
on  plot  for  about  42  days  and  will 
normaly  be  absorbed  back  into 
the par^ current.  Wecan 
expect  to  see  an  eddy  similar  to 
the  one  descdbed  here  in  the 
southern  IIP  operations  area 
about  80%  of  the  time. 


Table  E>1.  Average  Characteristics  of  Eddies  in 
study  nrea 

Eddy 

Type 

Number  of 
Obser¬ 
vations 

Average 

Size 

Average 

Life 

(days) 

Warm 

Core 

3$ 

117 

49 

Cota 

Core 

8 

94 

21 

TabteE-2.  A  Compariaon  of  Characteristics  of  the 
Eddies  near  the  Nawfoundiand  Ridge  and  the 
Newfoundiand  Seamounts 


Warm  Cone 

Newfoundland 

Ridge 

26 

127 

47 

Newfoundland 

Seamounts 

11 

105 

55 

Cold  Core 

Newfoundland 

Ridge 

8 

100 

23 

Newfoundiand 

Seamounts 

1 

55 

6 

These  figures  are  in  general 
agreemert  with  Voorheis  etal. 
(1973) .  TheonlydHferencein 
the  conclusions  is  the  rotation  of 
the  eddies.  Their  data  indicated 
cold  core  eddies  are  more 
numerous.  The  present  study 
indicates  warm  core  eddies 
dominate.  It  is  difficult  to  address 
this  difference,  but  IR  positively 
indicates  the  temperature 
differences  in  water  masses. 
Additional  long  term  analyses  may 
resolve  this  disaepancy. 
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Detection  of  Ocean  Fronts  in  the 
Gulf  Stream  /  Labrador  Current  System 
by  Side-Looking  Airborne  Radar 
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Introduction 

The  Gulf  Stream  probably 
reaches  its  greatest  complexity  in 
the  region  south  and  southeast 
of  Newfoundland  where  it 
interacts  with  complex  bathymetry 
and  the  southward-flowing 
Labrador  Currenl  to  produce  an 
ever-changing  system  of  fronts, 
eddies  and  associated  features. 
This  complex  cunrent  system  is 
responsible,  in  large  part,  forthe 
distribution  of  icebergs  in  much  of 
the  International  Ice  PatroTs  (IIP) 
operating  area. 

The  IIP  iceberg  drift  model,  an 
irtegralpartofthe  IIP  operations, 
reHes  primarily  on  historically  time- 
averaged  currents.  Using  these 
currents  can  lead  to  substantial 
drift  errors,  particularly  in  regions 
with  large  currerrtfluc^ations.  To 
address  this  problem,  IIP  uses  the 
drift  of  sateffite-tradced  drift 
buoys,  deployed  by  IIP  aircraft,  to 
provide  near  real-time  current 
data  to  the  model.  Althoughthis 
program  is  successful,  the 
updates  to  the  currenl  field  are 
Hmfted  temporally 
and  spatially  to  the  period  for 
which  a  buoy  is  drif^  through  a 
specific  region. 

Remote  sensing  techniques  hold 
the  rnoet  promise  for  provkftng 
current  data  forfolura  IIP 

OpOfVDOiiOa  •  Of  OKsfitpIO, 


satellite  infrared  imagery  is  used 
successfully  under  certain 
coTKlitions  to  define  ocean  frontal 
boundaries  and,  thus,  infer 
circulation  patterns  f(x  several 
ocean  areas.  Unfortunately, 
infrared  imagery  is  of  limited 
operational  use  in  the  IIP  area  due 
to  persistent  fog  and  cloud  cover. 
However,  active  microwave 
systems  (radars)  are  capable  of 
penetrating  douds  and,  under 
the  right  circumstances, 
detecting  frontal  features. 

In  1 985  IIP  began  investigating 
the  feasfoiiity  of  using  ims^ry 
from  a  side-looking  airborne  radar 
(SLAR)  to  map  ocean  fronts  in  the 
llParea.  This  report  describes 
some  of  the  preiirninary  results  of 
that  investigation. 

Background 

The  Intemationai  ice  Patrol 
deploys  one  week  out  of  two  to 
Gander,  Newfoundand,  durfog 
the  icebergs  season,  typicaRy 
March  through  August.  Using 
U.S.  Coast  Guard  HC-130  aircraft, 
IIP  conducts  iceberg 
reoonnaissanoe  fights  wfthin  the 
area  bounded  by  40°-52*ttorth 
and39«-57«We8t. 
Reoonrarissance  flights  are  made 
each  day  during  the 
deployments,  each  Rght 


approximately  3,1 50  km  long 
(1 ,700  nm),  covering 
approximately  65,000  square  km. 

Since  the  spring  of  1983,  IIP  has 
used  SLAR  as  the  main  method 
of  iceberg  reconnaissance, 
replacing  visual  reconnaissance. 
SLAR  is  an  X-band  radar  that 
scans  the  sea  surface  in  a  plane 
normal  to  the  fight  path.  The 
radar  image  is  dsplayed  on  a 
narrow  CRT  that  produces  a 
negative  image  on  photographic 
film  (Figure  F-1).  The  standard 
aUtude  for  IIP  reconnaissance  is 
8,000  feet,  wfth  a  SLAR  swath 
width  of  1 00  km,  50  km  to  each 
side  of  the  aircraft  with  an 
unimaged  swath  directly  below 
the  aircraft  of  about  5  km.  SLAR 
is  largely  unaffected  by  weather, 
wlh  only  heavy  precipitation 
obscur^  the  view  of  the  surface. 

Review  of  IIP  SLAR  films  for  1983- 
1985,  represerXing  some  200 
flights,  has  revealed  that  SLAR  is 
capable  of  detecting  the  fronts  of 
the  Gulf  Stream  and  Labrador 
Currenl,  wRh  the  water  masses  of 
dHerent  temperatures  showing 
up  as  dHerent  shades  on  the 
SLAR  fim^  negative  image,  warm 
water  appearing  dark  and  cooler 
water  appearing  Rght.  These 
oorrespond  to  h^  radar 
backscatler  and  low  radar 
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GS  -  GuM  stream 
WE  -  Warm-core 
Eddy 


Figure  F-1.  Reproduced  National  Earth  Satellite  Service  (NESDIS)  product  from  April  26, 
1985.  Ineet  — NESDIS  worksheet  from  25-26  April  1985. 

Rgure  F-2.  A  segment  of  SLAB  film  from  the  International  Ice  Patrol  reooniuysaance  flight 
of  April  28, 1985,  with  a  photo  mosaic  of  the  same  piece  of  film.  Warm  (rough)  water 
appraredarfc. 
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Figure  F-3.  Superimposition  of  the  ocean  features  detected  by  NESDIS  (solid  line)  on  25- 
26  April  1985  (see  in^  Figure  F-1)  and  features  detectad  by  IIP  SLAR  (dashed  line)  on 
28  April  1985,  some  of  which  are  visible  in  Figure  F>2. 


backscatter  respectively.  The 
imagery  frequentiy  shows  very 
sharply  delineated  Iforte  in  great 
detail. 

Previous  work  using  SLAR  and 
satelite  infrared  in  the  Grand 
Banks  area  was  done  by 
LaViolelte  (1983),  using  an  earlier 
Coast  Guard  SLAR  and  a  NASA 
SLAR.  TheetflerSLAR'shad 
lower  power  outputs  and  the 
images  reproduced  by  LaViolette 
are  apparently  less  sharp  and  less 
detailed  than  the  ones  produced 
by  the  present  model,  a  Motorola 
AN/APS-135  Side-Looking 
Abbome  fAM-Mission  Radar 
(SLAMMR). 

The  meet  extensive  body  of  work 
involving  detection  of  ocean 
features  wkh  an  active  microwave 
system  has  been  done  wth 
%ASAT  synthetic  aperture  radar 
(SAR)  (BeaL  afaH,  1981).  Some 
of  the  work  done  wtti  SEASAT 
bTMgsry  has  induded  oornparison 
wkh  satsMe  inbared  bnag^  (Fu 
andHok.  1962, 1963;Hayes. 
1981). 


Although  the  precise  mechanism 
is  uncertain,  it  is  dear  that  the 
difference  in  backscatter  is  due  to 
a  difference  in  surface 
roughness.  Visual  inspection  of 
the  sea  surf  ace  during  IIP  fights 
has  shown  that  the  dark  and  light 
areas  on  the  SLAR  Nm 
correspond  dosely  to  rough  and 
smooth  areas  visIM  uixier 
oondkionsoflghtwirKl  Also,  the 
SLAR  firns  oorkain  rnariy  hraigee 
of  internal  wave  trains,  many  of 
them  dosely  Inked  to  the 
bathymetry  d  the  edge  d  the 
oordnentaishek.  Theakemate 
rough  and  smooth  bands  d 
intennal  waves  detected  by 
SEASAT  SAR  have  been 
deecrbed  in  A^pers  and  Salusti 
(1983)  and  Hughes  and  Gower 
(1983),  wnong  others. 

Discussions  d  the  mechanism  d 
detecting  ocean  fealwes  in  radar 
imagery  usualy  invoke  Bragg 
scatterbig  (Valenzuaia.  1978; 
Brown.  BacN  and  Thompson, 
1976).  which  definssacrkical 
surface  waveiengih  for  maximum 
backscalter.  Fbr9iaX-band 


SLAR  and  the  range  d  incidence 
angles  encountered  in  IIP 
operations,  the  range  d  ocean 
wavelengths  causing  Bragg 
scattering  is  approximatley  2-30 
cm.  The  relatiorehip  between 
the  tough  and  smo(^  patches 
seen  vfeuany  and  the  SLAR 
imagery  reflects  the  relative 
spectral  energy  densky  in  those 
patches,  O-S-.thewave  height  at 
the  Bragg  wavelength). 

rissulta 

IIP  SLAR  imagery  d  ocean  fronts 
has  frequently  been  confinned  by 
the  interpretations  d  Advanced 
Very  High  Resolution  Radk>metry 
(AVHRR)  imagery  by  NOAAs 
National  Environmental  Satelite, 
Data  and  Information  Service 
(NESDIS).  AsimpKied 
reproduction  d  the  NESDIS  chart 
for  26  Apri  1985  is  seen  in  Figure 
F-1 ,  wkh  an  inset  showing  the 
Merpreter'swoikshedforthe 
area  ouHned  on  the  main  chart. 
Figure  F-2  is  a  SLAR  image  from 
28Aprl,ftom 

the  area  outlnsd  in  Figures  F-1 
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Discussion 


and  F-3,  showing  a 
complex  set  of  frontal  featuns. 
The  NESDIS  worksheet  and  a 
SLAR  interpretation  are  super¬ 
imposed  in  Figure  F-3,  showing  a 
very  dose  match  of  the  features. 

In  comparing  the  two  images  in 
Figure  F-3.  the  simterities  are 
apparent.  The  two  fronts  that 
converge  to  the  east,  the 
transverse  north-south  feature  to 
the  west  and  the  area  of  sharp 
curvature  on  the  western  part  of 
the  southern  front  are  present  in 
both  images,  but  dWfer  somewhat 
in  spatial  orientation.  TheSLAR 
fate  to  detect  the  wann-oore  eddy 
shown  on  the  final  NESOIS  chart 
(probably  off  the  edge  of  the  fHm). 
but  SLAR  shows  an  addtional 
small-scale  (1 0  km)  eddy  along 
thefront.  Therfiffetenoes 
between  the  SLAR  interpretation 
and  the  NESOIS  worksheet  do 
not  appear  to  be  due  to 
navigafonal  rfeplaceinentor 
rotation  between  the  two,  and  are 
probably  due  to  movement  of  the 
feature  during  the  two  day  span 
between  irnives. 


It  is  significant  that  by  using  the 
apparent  SLAR 
temperature/backscatter 
relationship,  the  gradation  of 
temperature  from  south  to  north 
is  the  same  for  both  SLAR  and 
AVHRR,  i.e.,  a  large  area  of  warm 
water  to  the  south  (the  Gulf 
Stream),  a  narrow  band  of  cool 
water,  aband  of  wamn  water  and 
finaly  a  band  of  cool  water. 
Perh^  more  importartt  is  that, 
giving  the  good  matd)  of  location, 
shape  and  apparent  temperature 
gradients  across  fronts,  both 
SLAR  and  AVHRR  appear  to  be 
detecting  the  same  features. 

The  SLAR  and  satetee  infrared 
imagery  from  28  April  and  26 
AprI,  respectively,  show  a  good 
match  of  the  features  detected, 
both  in  location  and  overal 
shs^.  The  particular  SLAR 
im£^  is  a  g^  Mustration  of  how 
wel  the  two  sources  can  agree. 
Over  the  three  years  of  SLAR 
operation  at  IIP,  a  large  number  of 
SLAR  images  of  fronts  have  been 
collected.  Of  these,  there  have 
been  a  number  of  cases  in  which 
SLAR  vrd  AVHRR  do  not  seem 
to  agree  both  in  localion  and 
sht^  of  features.  WMams 
(19^  examines  the  match  and 
mismalch  of  SLAR  and  AVHRR 
images  in  eddtoe  and  assodated 
features  in  the  IIP  rsflten.  Most 
frequently  the  dMerenoe  seems 
to  be  ons  of  plaoemsnt  raihsr 
toan  shape,  reflecting  a 
navigalionaldborepan^ 
betoreen  the  two  aouroes. 


makes  use  of  the  aircraft's  inertial 
Navigation  System  (INS),  yielding 
an  accurar^  of  ±5  km  (Thayer 
SLARA.ORAN.  unpub.). 
Positioning  on  the  NESDIS  chart 
is  done  using  visl)le  known  land 
fomns  on  the  image,  which  may  be 
obscured  by  doud  cover,  making 
it  less  accurate,  with  errors 
pr^sUy  as  much  as  15-20 
kilometers  (personal 
comnunicalion,  Jennifer  Clark, 
NESDIS).  Given  the  nature  of  the 
NESDIS  produd,  i.e.,  the  large 
area  covered,  nwre  accurate 
poslioning  is  unnecessary. 

There  are  other  cases  in  which 
there  is  considerable  deference 
in  overall  shape  between  SLAR 
andthe  NESOIS  produd.  This 
usuaRy  occurs  when  the  area  is 
obscured  by  douds  and  NESOIS 
is  estimating  the  localion  and 
shape  of  features  based  on 
information  that  is  up  to  several 
dto^old. 

In  working  wRh  the  original 
sateMe  imagery,  the  worksheets 
produced  from  I.  and  the  finai 
NESDIS  produd.  it  becomes 
apparent  that  NESDIS  is  able  to 
take  very  complex,  delated 
hnagery  and  produce  from  ft 
renfiatkably  aocurato,  coherent 
Information.  Theknagery 
compared  in  Figure  F-3  occupies 
appmxinnBlely  1  square 
centimeter  on  the  salelto  Image, 
from  which  the  NESOIS 
imerpreiar  was  able  to  sKtrad  and 
correctly  interpret  several 
featoree. 
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Of  the  two.  SLAR  offers 
«w  greater  posftional  accuracy.  It 


Conclusions 


Each  system  has  its  own 

^ication,  capabilities  and 

limitations.  Satelite  imageiy  is  — — 

able  to  cover  very  iatge  areas  with 

a  reasonable  amount  of  detail.  It  Acknowledgements 

is  limited  by  cloud  cover  and 

offers  limked  navigational  We  wish  to  thank  Jennifer 

accuracy.  SLAB,  on  the  other  Clark  and  herstaff  at  NESDIS  for 

hand,  offers  a  very  detailed  look  providing  satelke  images  and 

at  an  area,  even  through  doud  NESDIS  worksheets. 

cover,  wkh  good  positioning.  It 

can  only  cover  sr^  areas 

compared  to  a  satelfite  and  is 

limited  by  the  operational 

constraints  of  IIP.  with 

oceanographic  applications  of 

secondary  importance  to  iceberg 

reconnaissance. 

Akhough  the  mechanism 
involved  in  SLAB  detection  of 
temperature  dkferences  is  not  yet 
clear,  both  systems  are  able  to 
detect  the  temperature  gradients 
across  the  same  fronts. 

Forthe  immediate  future.  SLAB 
wil  play  an  important  role  in  IIP 
operations,  locating  frontal 
features  for  hydro(Kap^ 
research  and  for  pkmning  TOD 
deployments.  Future  research 
with  SLAB  shodd  be  dfaected 
toward  provkflng  resk-time 
quantitative  input  for  the  IIP 
iceberg  drift  rnodel.  Another 
possbie  appication  of  this 
technology  is  reaMime  mapping 
of  current  systems  for  other  Coast 
Guard  missions  such  as  search 
and  rescue  and  polution 
response. 
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